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Abstract
The series of experiments reported in this thesis concern the ability to make 
perceptual-motor judgements of distance (Ex.l to Ex.7) and size (Ex. 8). 
Experiments 1 and 2 indicated that visual judgements of maximum step length 
were effected by: distance from the site of action, the angle at which the obstacle 
was presented and whether monocular or binocular vision was used. This 
suggested that perceived maximum ability was not based on a body scaled 
invariant as suggested by Gibson (1979). Experiments 3 and 4 were designed to 
investigate the effect of altering the length of distance to-be-remembered, and 
compared performance across both visual and kinaesthetic conditions. The results 
suggested that the reproduction of distance is normally based on memory for the 
location of the end point, rather than the extent of the distance. No support was 
found for the claim that differences between the accuracy of recall of location and 
extent was due to the differential rehearsability of visual and kinaesthetic codes. 
Instead, it was proposed that changes in the procedure may have influenced 
performance by reducing the usefulness of a ‘landmark’ based form of coding in 
the extent trials.
Experiments 5 and 6 were designed to investigate predictions arising from one 
of the dominant models of cross-modal performance (Connolly and Jones, 1970). 
Connolly and Jones’s model postulated that differences between intra- and cross- 
modal performance could be explained in terms of the characteristics of modality 
specific short-term storage codes, and that translation between codes occurs prior 
to short-term storage. In general the results obtained were supportive of the 
pattern of accuracy reported by Connolly and Jones. However, the effect of 
delaying untU the end of the retention interval knowledge of the reproduction mode 
was inconsistent with the model, that is, withholding information about the 
required reproduction mode appeared to increase the accuracy of judgements. One 
explanation for this effect is that pre-translated information was held in a form 
which was associated with high levels of both accuracy and attention. This 
speculative explanation was seen to have parallels with the Working Memory 
model (Baddeley and Hitch, 1974). Experiments 7 and 8 used an interference task 
paradigm to investigate whether a separate visuo-spatial store could be
m
demonstrated to exist in relation to perceptual-motor infonnation. The results 
failed to find conclusive support for such a store. The cumulative findings of 
Experiments 1 to 8 are discussed in relation general models of perceptual-motor 
performance.
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Chapter One
Background, and overview of the development of studies of intra- 
and cross-modal perceptual-motor performance
The importance of integrating sensory information
It has long been recognised that infonnation about the environment and the 
individuals relationship to it, is available via more than one sensory system. The 
existence of the five separate senses was first recognised by Aristotle (382-322 
BC), who also postulated the existence of a sixth sense, which he tenned ‘common 
sense’, Aristotle believed that the puipose of common sense was to integrate and 
compare infonnation arising from the other five senses, in order that ‘common 
sensibles’, such as magnitude and number could be appreciated (cited in 
Heamshaw, 1989:25).
The necessity and importance of being able to integrate information from 
different senses was also recognised by Bruner (1973). Bruner claimed that the 
integration of information from the hand and eye, via the use of tools has been 
fundamental in the development of Man. Birch and Lefford (1963) also 
emphasised the evolutionary importance of inter-sensory relations: "In the 
emergence of the mammalian nervous system from lower forms, the essential 
evolutionary strategy has been the development of mechanisms for improved 
interaction among the separate sensory modalities" Birch and Lefford (1963:3). 
However, one of the most compelling reasons for studying cross-modal 
performance is that many of the tasks wliich individuals face in their everyday 
lives typically require the integration of information across sensory modalities: 
"The two senses of sight and touch are in constant use m determining the size and 
nature of sunounding objects." Bowditch and Southard (1880:23). Thus, an 
adequate theory of sensory integration could have great practical and theoretical 
importance. However, the aim of this thesis is not to attempt to develop such a 
model, but rather to investigate the factors which may affect the reliability and 
adequacy of judgements made through the use of vision and touch (kinaesthesis).
In line with existing conventions (Newell, Shapiro and Carlton, 1979), the term 
‘kinaesthesis’ is used to refer to conditions in which judgements are made on the
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basis of haptic explorations in the absence of vision. However, it is recognised 
that in such conditions subjects potentially have access to infonnation other than 
purely kinaesthetic; for example, proprioceptive and cutaneous infonnation.
Theoretical approaches to the study of everyday action
At a theoretical level there are two distinct paradigms for considering the 
study of everyday actions. Firstly, the Ecological paradigm whose proponents 
(Gibson, 1979; Michaels and Carello, 1981) emphasise the importance of the 
natural environment and the quality of information that it provides. Secondly, 
followers of the Constructionist paradigm (Bruner, 1957; Gregory, 1974) who 
consider that stimulation alone provides an insufficient basis for perception, and 
therefore must be enhanced by supplementary processing operations (Helmholtz, 
1821-1894). Researchers sympathetic to both theoretical positions have 
investigated, and proposed explanations for judgements made on intra- and cross- 
modal tasks. The following sections outline some of the major contributions from 
each theoretical position.
The Ecological position
One of the first researchers to recognise the importance of studying ‘real 
world’ perceptual problems was Brunswick (1903 - 1955). Brunswick developed a 
theory of Probabilistic Functionalism, in which he rejected the use of laboratory 
based investigation, and instead emphasised the need to study the natural 
environment of the observer (cited in Gordon, 1989). Despite Brunswick’s work, 
an ‘Ecological’ approach to the study of perception did not achieve widespread 
acknowledgment until J.J. Gibson’s ‘The Perception of the Visual World’ (1950). 
Like Brunswick, Gibson believed in the importance of studying perception in 
relation to the environment, and considered that perception was founded on the 
relationship between the individual and the environment rather than constructed in 
the mind of the individual. In addition, Gibson believed that all the information 
necessary for perception was available to the natural obseiwer, and challenged the 
traditional view that sensory information was impoverished and thus required 
supplementary processing.
Further similarities between Brunswick and Gibson were that both believed 
that investigations of perception should reflect the complexity of the natural
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environment. Gibson further argued that action should only be considered with 
reference to real world actions, taking place in real world environments and in real 
world time.
In addition to emphasising the ecology of perception, Gibson provided a 
theoretical framework in which perception could be explained without resort to 
either the dualism (perceptual experience vs. objective world), or cognitive 
processing operations inherent in traditional Constructionist approaches. The two 
key concepts within Gibson’s Ecological approach were that perception was based 
on amodal information, which was directly perceived.
Evidence for and against an Ecological position
If perception is based on the direct detection of information (Gibson, 1950), 
and assuming perception is veridical, then the information available to the 
perceptual systems must be uniquely associated with it’s source in the 
environment: "A particular perception results if and only if a particular 
information structure is detected" (Barac-Cikoja and Turvey, 1991). Further, 
because of the relationship between information and perception, it should be 
possible to identify the precise nature of these one-to-one mappings.
One perceptual phenomenon which has been cited as providing support for an 
invariant relationship between information and perception is size constancy. 
Michaels and Carello (1981) claimed that objects can be seen as a constant size, 
despite changing distance and retinal information, because of the lawful behaviour 
of light and/or lawful relationships between stimulus arrays; that is, invariant 
patterns can be ‘picked up’, and if necessary higher order invariant patterns can be 
identified through the complex relationships between different elements within the 
environment. For example, when an observer moves forward, stationaiy objects 
in the visual field undergo a process of retinal expansion, yet (usually) the 
observer experiences no change in the perceived size of the objects. In such 
situations the rate of retinal expansion may be used as a transfonnational invariant 
to specify the spatial layout. This is possible, as the retinal size of an object is 
lawfully related to it’s veridical size and it’s distance from the observer. Thus, a 
change in the rate of expansion of the retinal image, must indicate either the rate 
of approach has changed or that the object itself is changing size.
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A second form of invariant, structural invariants, specify relationships which 
remain constant despite changes in stimulation; for example, two identical objects 
at different distances from an observer will subtend different visual angles, 
although again these objects are normally perceived as being of the same size. A 
possible invariant to account for tliis form of size constancy is that: "The ratio of 
an objects height to the distance between it’s base and the horizon is invariant 
across all distances from the viewer" (Gordon, 1989).
In addition to structural and transformational invariants, invariant one-to-one 
mappings may exist between perception and information arising from action.
Turvey et al. carried out a series of experiments wliich were designed to 
investigate whether surface features could be perceived through dynamic touch, 
Solomon and Turvey (1988) showed that subjects could, using only haptic 
information judge the length of hand held rod, and that performance suggested the 
existence of an invariant involving the principle moment of inertia. Burton,
Turvey and Solomon (1990) showed that the shape of solid objects could be 
perceived through dynamic touch (wielding), and again claimed that this 
demonstrated support for the existence of invariants, which are not simply 
concerned with the object surface. Baiac-Cikoja and Turvey (1991) showed that 
when vision was excluded aperture size could be perceived by wielding a hand 
held rod, and that an invariant equation could be derived, based on angular 
displacement, distance of the point of contact from axis of rotation, rod mass, 
location of the rod’s centre of mass and moment of inertia of the rod. Thus, 
Turvey et al. claimed to provide evidence across a range of situations for the 
existence of perceptual invariants in relation to the perception of surface structure, 
and for the classic Gibsonite view that: "Perception is specific to information, and 
information is specific to the environment and to one’s movements" (Bamc-Cikoja 
and Turvey, 1991:330).
However, the concept of invariants was developed to explain perception about 
the environment, not perception for action (or potentiality for action) within an 
environment. To account for this second type of perception Gibson proposed the 
concept of ‘affordances’ "The affordances of the environment are what it offers 
animals, what it provides or Jumlshes, either for good or ill" (Gibson, 1979).
Like invariants, Gibson (1977) considered that affordances were directly 
perceived, but that their purpose was specifically to inform the obseiwer of the
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potential an environment offered for action.
Evidence in support of the existence of affordances, has been provided by 
studies requiring subjects to recognise their maximum action boundaries, that is 
the upper limits of permissible action. Examples of such studies include Warren 
and Whang (1987) who found that the perceived minimum aperture size through 
which subjects believed they could pass was 1.30 of their shoulder width. Warren 
(1984) investigated the maximum perceived action boundary for stepping onto a 
raised surface, and found that across both short and tall subjects the maximum 
riser height was equal to 0.88 of their leg length. Mark (1987) argued that 
perceived maximum ability for stepping and sitting on a raised surface, was 
derived from eye height scaled information, and that when calculated as a 
proportion of eye height, perceived ability could be expressed as a constant: 
stepping 0,457 and sitting 0.454. These studies therefore suggest that perceived 
maximum ability to act was equal to an invariant proportion of some aspect of the 
individual’s own body, and that the proportion is stable across individuals of 
differing personal capabilities. Further, because these invariants are fundamentally 
linked to the ‘animal’, they can be considered as providing evidence in support of 
action being based on affordances, as proposed by J.J Gibson.
Despite the evidence in support of the existence of perceptual invariants and 
affordances, there are important findings which conflict with Gibson’s view of 
perception and action. Firstly, one common finding has been that perception 
within and across modalities is not equivalent. Intra-modal performance (where 
presentation and reproduction of information are in the same modality) has 
generally been found to be more accurate and less variable than cross-modal 
performance (where reproduction is in a different modality to the presentation); 
Connolly and Jones (1970), Freides (1975), Millar (1975c), Martenuik and Rodney
(1979), Newell, Shapiro and Carlton (1979) and Lee and Hirota (1980) have all 
found evidence of this effect. This apparent difference between intra- and cross- 
modal performance has been interpreted as indicating cross-modal performance is 
subject to a source of variability not found in intra-modal performance, possibly 
due to the need to convert information between stores/ codes (Connolly and Jones, 
1970). Thus, contrary to supporting a theory of direct perception, this suggests 
that a degree of information processing is required.
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Secondly, a number of studies (Connolly and Jones, 1970; Millar, 1972) have 
found modality differences within intra-modal performance; that is, visual (V-V) 
judgements are usually found to be more accurate than kinaesthetic (K-K) 
judgements. This again, has been interpreted as indicating that perception is not 
direct, and the differences in intra-modal performance have been attributed to the 
use of modality specific storage codes, in which visual information is more 
efficiently stored across time than kinaesthetic information (Posner, 1967).
In reply to such criticism, E.J. Gibson (1967) argued that the inter-modal 
variability found in experiments such as those mentioned above, can be explained 
in terms of different sensory modalities being differentially sensitive to the 
available information. She claimed the increased variability observed in cross- 
modal performance was not due to ‘noise’ created as result of processing (for 
example, "translation" between modalities), but due to differences in the ability of 
the respective senses to detect the invariant, relational, amodal features necessary 
for matching. In addition, she suggested that the artificial experimental conditions 
typical of the above experiments make the detection of relevant amodal features 
too difficult, and therefore subjects attended to the more readily available modality 
specific information which does require processing, and consequently produces 
increased variability in cross-modal conditions.
Thus, proponents of the Ecological approach consider that perceptual 
judgements can be explained without resort to cognitive processing operations. 
However, studies have consistently shown modality difference in the accuracy and
variability of judgements. While this is not necessarily inconsistent with an j
Ecological position, it does give rise to the possibility of an explanation which 1
incorporates not only modality specific codes but also processing operation such as i
translation.
A Constructionist approach to everyday tasks: Connolly and Jones (1970)
The most widely acknowledged model of intra- and cross-modal perceptual- 
motor performance was proposed by Connolly and Jones (1970). Connolly and 
Jones (1970) investigated performance by using a linear replacement task, in which 
subjects were required to attend to an experimenter defined ‘criterion distance’.
The criterion distance could be presented and reproduced either visually or 
kinaesthetically. Using this method Connolly and Jones investigated the
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development of visual (V) and kinaesthetic (K) intra- and cross-modal performance 
in subjects aged from 5 years to adulthood. They found that for all age groups, 
intra-modal judgements (V-V and K-K) were more accurate and less variable than 
cross-modal (V-K and K-V); and that judgements requiring a visual response, were 
more accurate, and less variable, than judgements requiring a kinaesthetic 
response. Thus, they reported an overall pattern of accuracy and variability in 
which V-V performance was more accurate and less variable than K-K, which in 
turn was more accurate and less variable than K-V, and in which V-K 
performance was both most variable and least accurate. The ordinal relationship 
between conditions is shown in figure 1.1.
Accuracy =  V-V > K-K > K-V > V-K
VariabiHty =  V-V < K-K < K-V < V-K
Figure 1.1 Relative accuracy and variability of matching conditions, reported 
by Connolly and Jones (1970).
On the basis of these results, Connolly and Jones developed a model in which 
incoming sensory information entered an integrated long-term memory store, 
before entering sepaiate modality specific short-term storage systems. The critical 
feature of Connolly and Jones’s model was that information was translated 
between modalities before entering short-term storage. Thus, information was 
stored in the form of the response modality, rather than the input modality.
Further, in order to explain cross-modal asymmetry (that is, high variability and 
low accuracy in V-K conditions, and low variability and high accuracy in K-V 
conditions) Connolly and Jones proposed that visual short-term storage was more 
efficient than kinaesthetic storage. They cited Posner (1967) as providing evidence 
that, due to it’s access to ‘central processing mechanisms’ the visual system could 
act as a ‘rehearsal mechanism’, whereas kinaesthetically stored infonnation did not 
have access to central processing, and was consequently subject to temporal decay. 
Finally, to account for the relatively greater accuracy of intra-modal judgements 
compared to cross-modal judgements, Connolly and Jones claimed that the process 
of translation introduced ‘noise’, which was created by failings in the mapping of 
information between modalities. Connolly and Jones used the analogy of
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translation between English - French dictionaries. Additionally, Connolly and 
Jones claimed that the extra process of translation was also the reason for higher 
variability in cross-modal conditions. Thus, within their model Connolly and 
Jones claimed to be able to account for differences in performance both within and 
across modalities.
However, in relation to cross-modal differences, Jones (1973) subsequently 
suggested that the differences between V-K and K-V performance were due to 
differences in the kinaesthetic infonnation component in the two circumstances. 
Jones argued that in the kinaesthetic presentation conditions subjects made a 
constrained movement (the experimenter detennined the stopping point), whereas 
in kinaesthetic response conditions subjects themselves directly controlled the 
stopping point. Thus, Jones claimed that in the K-V conditions K was mediated 
by inflow (feedback), while in the V-K conditions K was mediated by outflow 
(central monitoring of command signals to the muscles). Consequently, Jones 
argued that the difference between V-K and K-V should be considered the product 
of two different processes, rather than wholly due to the short-term storage 
characteristics.
Criticisms of Connolly and Jones model: the nature of translation
The concept of translation has been one of the most contentious aspects of 
Connolly and Jones’s model. Researchers of an Ecological persuasion dispute 
whether translation between modalities is necessarily required, and even among 
those who accept the basic suppositions of modality specific storage and the need 
for translation between stores, there is disagreement over the factors which affect 
the nature of translation.
Connolly and Jones based their model on the assumption that information was 
held in a short-term store in a code compatible with the response mode. However, 
a number of researchers have suggested ‘modality adeptness’ approaches (Pick, 
1970; Martenuik and Rodney, 1979; Goodnow, 1971) in which information is held 
in the modality code most suited to the task, rather than necessarily in the form of 
the response mode. The suitability of a storage code for a particular task may be 
determined either, by the modality the information arrived in, or on the basis of 
the optimal modality for the task. Maitenuik and Rodney (1979) re considered 
Connolly and Jones’s original study, and found that when visual cues were
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controlled for, there was no cross-modal asymmetry. Thus, Martenuik and 
Rodney concluded that the superiority of K-V in Connolly and Jones’s original 
experiment was due to the use of modality adept (visual) information, rather than 
the inherent superiority of visually coded information.
Goodnow (1971) proposed that the critical issue in determining the form of 
translation was experience of working within the modality. She found that in 
relation to remembering infonnation presented tactually, blind subjects were less 
affected by the presence of an interval between presentation and response than 
nonnally sighted subjects. Similarly, Millar (1975) found that blind and sighted 
individuals used different strategies in recalling spatial position information.
Millar suggested that blind subjects relied on haptic memory, whereas sighted 
subjects used a visual representation.
Freides (1974, 1975) also suggested a form of modality adeptness, in 
explaining differences between the relative accuracy with which ‘simple’ and 
‘complex’ visual and kinaesthetic information could be reproduced. He considered 
that the visual modality was particularly suited to dealing with ‘complex’ spatial 
information (for example, shape and pattern), and that because of this ‘suitability’ 
spatial information was always held in a visual code. Thus, in relation to complex 
information, reproductions based on visual standards (V-V and V-K) were always 
superior to reproduction based on kinaesthetic standards (K-K and K-V).
However, this rule did not apply to ‘simple’ information (for example, length), 
which Freides considered was more sensitive to the contextual information of the 
particular environment.
Criticisms of Connolly and Jones’s model: the nature of short-term storage
Since 1970, a number of alternative conceptions of short-term storage have 
been proposed which do not incorporate Connolly and Jones’s assumptions 
concerning the nature of short-term storage and the affects of cross-modal 
translation. Two of the most prominent theories are essentially theories of long 
term memory, both of which grew out of the verbal learning tradition. Firstly, 
Craik and Lockhart (1972) proposed a levels of processing approach, in which 
memory for an event was a function of the depth to which the event was initially 
processed, and information was held in just one store. Thus, although Connolly 
and Jones’s results could presumably be explained in terms of visual information
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being processed more deeply than kinaesthetic information, in line with it’s origins 
in the verbal learning tradition, cross-modal performance has not been investigated 
within the levels of processing framework.
Secondly, the encoding specificity principle (Tulving and Thomson, 1973) 
claims memory will be most accurate when the retrieval conditions match the 
conditions present during initial encoding. Thus, the fact that intra-modal 
performance is more accurate than cross-modal performance is entirely consistent 
with this principle. Experimental evidence consistent with motor performance 
conforming to an encoding specificity principle was provided by Lee and Hirota
(1980) who showed that movement extent information was more accurately 
reproduced when the method of response (active vs. passive movements) was the 
same as the method of presentation.
A third theory is the Working Memoiy model (Baddeley and Hitch, 1974).
This has certain characteristics in common with Connolly and Jones’s model; that 
is, more than one information store exists, and the store used will depend on the 
modality of the information (visuo-spatial or verbal). Although, critically 
Baddeley and Hitch’s model does not have a separate kinaesthetic store. Baddeley 
and Hitch’s Working Memory model is discussed in detail in Chapter Five.
In the light of the development of alternative models of short-term storage, 
Connolly and Jones’s model can be criticised in relation to both, the use of 
modality specific storage and the largely post-hoc application of short-term storage 
characteristics (Newell, Shapiro and Carlton, 1979). However, as can be seen 
from the above dates, much of the work relating the nature of short-term storage 
for perceptual-motor performance occurred after Connolly and Jones published 
their original findings, and possibly more importantly, many studies concerned 
with the storage of visual and kinaesthetic information have been directly prompted 
by Connolly and Jones’s paper.
The importance of long-term storage for short-term performance
One of the most original features of Connolly and Jones’s model was their 
explicit proposal that there was an intimate inter-dependence between short and 
long-tenn memory stores, in which information entered long-term storage prior to 
short-term storage. Further, Connolly and Jones claimed that this applied even for 
tasks of a relatively short duration (less than 30 seconds). This relationship
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between short-tenn and long-term memory stores was in diiect contrast to the then 
contemporary "modal model", for example Atkinson and Shiffrin (1968).
However, support for the influence of long-term storage on short-term recall 
can be found within a range of examples. Warren (1974) reviewed a number of 
studies compaiing the performance of congenitally and adventitiously blind 
subjects. He found, adventitiously blind subjects generally performed tasks more 
successfully than congenitally blind subjects. Warren believed that these 
differences were explainable in terms of the adventitiously blind subjects having 
had the opportunity to establish a visual frame of spatial reference. Thus, he 
suggested that a form of long-term memory (previous experience) contributed to 
performance of short-term non-visual tasks. Similarly, Colley and Colley (1981) 
found that later blinded subjects’ judgements of distance were more accurate and 
less variable than early blinded subjects (blinded before the age of 3 years).
Further, the importance of long-term storage in short-term perceptual-motor 
tasks, cuts across both Ecological and Constructionist accounts of perception. For 
example the role of long-term memory in immediate performance, appears 
particularly relevant to tasks requiring the perception of maximum action 
boundaries (Warren, 1984; Mark, 1987). These tasks implicitly assume that 
subjects have a concept of their maximum ability, which is presumably gained 
through experience, (in Marks terminology individuals become ‘tuned’ to the 
relevant information). However, such a tuning process would appear to require a 
period of learning and possibly therefore some form of memory which extends 
across time. Thus, although the term long-term storage may be unacceptable to 
followers of Gibson, the use of invariants in explaining action does appear to 
require a form of extended memory for ability, at least during the tuning stage.
In relation to Constructionist accounts, Gregoiy (1974) considered that 
perception was the product of a hypothesis or ‘best guess’ based on current input, 
combined with previous experience and context. Thus, perceiving maximum 
ability can be considered to require the matching of current input to a stored 
representations of ability, attained through previous experience, and held in a long­
term store.
To date, the influence of long-term storage remains one of the least contested 
claims of Connolly and Jones’s model. Although it has been questioned whether 
translation necessarily occurs prior to short-term storage (Newell, Shapiro and
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Carlton, 1979), and therefore indirectly whether entry into long-tenn storage 
occurs prior to short-tenn storage.
Criticisms of Connolly and Jones: procedural issues related to the study of intra- 
and cross-modal performance
In addition to criticisms relating to the specific theoretical assumptions 
underlying Connolly and Jones’s model, a number of researchers have considered 
procedural issues, which may compromise the validity of not only Connolly and 
Jones model, but studies of intra- and cross-modal performance in general.
Historically, one of the most problematic features of research in the area of intra- 
and cross-modal performance has been inter-study variability of results. One 
explanation for this has been that comparatively small changes to the experimental 
task can produce significant changes in the relative accuracy of the matching 
conditions. Examples of such changes have been reported by Salmoni and 
Sullivan (1976), Maiteniuk and Rodney (1979), Millar (1972), Abravanel (1973), 
Rose, Blank and Bridger (1972), Diewert and Stelmach (1977) and Fishbein,
Decker and Wilcox (1977). Salmoni and Sullivan (1976) replicated Connolly and 
Jones’s task, but by separating location (final stopping point) and extent (length of 
movement) cues. They reported that only reproductions based on location 
generated the same pattern of results as found by Connolly and Jones, and when 
extent cues were used, reproduction of K-K was equivalent to K-V and V-K. 
Martenuik and Rodney (1979) claimed within a spatial task cross-modal 
asymmetry depended on the amount of visual information available. Millar (1972) 
investigated intra- and cross-modal performance in a shape recognition task, and, 
like Salmoni and Sullivan found that K-K matches were equivalent to cross-modal 
matches. Abravanel (1973) who also used a shape recognition task found that 
when input was visual, retention was higher than when a kinaesthetic input was 
used, regardless of the response mode. Rose, Blank and Bridger (1972) required 
subjects to make intra- and cross-modal judgements of shape and texture, and 
found that for both types of stimuli, performance in the four matching conditions 
was equivalent when recall was immediate, but that when a 15 second unfilled 
interval was imposed conditions with a kinaesthetic (tactual) component were 
hampered, relative to V-V performance. Diewert and Stehnach (1977) found that 
for short distances (20cm) intra-modal performance was as accurate as cross-
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modal, but for longer distances (50cm) cross-modal error increased, and only at 
longer distances were there difference between V-K and K-V performance, and in 
contrast to Connolly and Jones found that V-K performance was more accurate 
than K-V. Finally, Fishbein, Decker and Wilcox (1977) used a spatial location 
task and failed to find significant difference between intra- and cross-modal 
performance.
Explanations proposed for the lack of consistency in results include factors such 
as those already identified in relation to the nature of translation and short-tenn 
storage, that is, modality adeptness (Martenuik and Rodney, 1979) and 
informational complexity (Freides, 1975). However, other factors which have 
been identified as potentially affecting performance include, the length of criterion 
movement: Posner (1973) claimed that within kinaesthetic performance long 
movements were more apt to reflect kinaesthetic storage characteristics than 
shorter movements (that is, loss of accuracy across time). J.J Gibson (1962:490) 
suggested active touch was fundamentally different to passive touch, and that: "To 
apply a stimulus to an observer is not the same as for an observer to obtain a 
stimulus. " Thus, studies in which the subjects control their own hand movements 
may produce different results to those where the experimenter controls limb 
movements. Hagman and Francis (1975) found that accuracy of short-term 
memory for kinaesthetic information could be influenced by the instructions given 
to subjects during the initial presentation, (cued vs. uncued performance). In 
relation to pattern matching by children (4-5 year olds), Millar (1975a) found 
evidence of a proactive effect of task difficulty, in which the size of difference 
between intra-modal and cross-modal matches varied depending on the level of 
difficulty of the preceding task. Finally, in addition to claiming differences in 
performance as a result of information complexity Freides (1975) found that when 
‘simple’ information was used, the sex of the experimenter and the sex of the 
subject affected performance, female experimenters elicited more accurate 
performance than male experimenters, but male subjects were more accurate than 
females.
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The complexity of ‘simple’ tasks
Finally, at a more detailed level of analysis, a number of researchers have 
suggested that the ‘simple’ tasks frequently used to study perceptual-motor actions 
are not necessarily simple. Rather, it has been proposed that they should be 
considered as comprising of a number of sub-tasks (Arbib, 1981; Paillard, 1982; 
Smyth, Morris, Levy & Ellis, 1987; Hollerbach, 1990). For example, an action 
as apparently unremarkable as reaching for, and replacing, an object such as a 
cup, may require the following sub-tasks to be completed;
1. Visually define the target.
2. Identify a trajectory to take the hand to the cup.
3. Time and co-ordinate the movement of the hand and arm so that the cup can be 
grasped stably.
4. Move the cup.
5. Remember where the cup was originally, and return the hand, while still 
holding the cup, to that position.
In relation to developing a reliable model of performance, the complexity of 
the task generates two main problems. Firstly, there is a danger that conclusions 
drawn from the study of only one or two aspects of performance wül ultimately be 
confounded by the effects of subsequent processes. Secondly, not only may each 
sub-task influence overall performance, but the nature of the effect of each sub­
task may be dependent on the type of sensory information being processed. For 
example, Posner (1967) claimed that visual information was more stable across 
time than kinaesthetic information; Podbros, Wyke and Waters (1981) claimed that 
the visual sense was particularly adept at dealing with location information, 
whereas the kinaesthetic sense was more suited to extent information (Gupta,
Gupta and Kool, 1986) and Freides (1975) suggested that visual short-term storage 
was particularly suited to storing spatial information. These factors therefore 
suggest a further limitation to the extent to which data from a particular 
experimental situation can be generalised, as not only may the particular 
independent variables used affect performance, but so may the particular aspect of 
perfonnance considered each of which may or may not interact with the type of 
sensory information to be processed.
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Focus of the current thesis
The most obvious conclusion from the above brief review, is that the 
performance of simple everyday perceptual motor actions is influenced by a range 
of factors. Therefore, explanations seeking to account for performance solely in 
tenns of either the affects of storage, the affects of modality or the nature of 
detected information will ultimately be limited, as performance reflects a 
composite of all these elements. For this reason a more robust approach to the 
study of everyday action may be to consider performance in relation to a range of 
influences.
Derived from task analysis, figure 1.2 represents a highly simplified model of 
the key elements involved in perceptual-motor action. Firstly, it shows that 
information relevant to action is potentially available from a variety of sources; 
examples of which may include 1) infonnation from the environment, which may 
also be available via a number of sensory modalities, 2) previous experience and 
3) infonnation about personal capability. Secondly, once information has been 
detected, if an immediate response is not required, the information must be stored. 
The tittee main proposals relating to the nature of short-term storage have been 1) 
the Ecological approach, in which stimulation provides all the information 
necessary for action thus; "We do not need a vessel (memory) in which recent 
history is brought to bear" Michaels and Carello (1981:78), 2) A modality 
specific approach, in which information is held in separate and mutually exclusive 
stores (eg, Connolly and Jones, 1970). 3) Baddeley and Hitch’s Working memory 
model, in which information is processed by a Central Executive together with 
either a visuo-spatial or verbal slave system. Finally, figure 1.2 indicates that the 
execution of judgements can be modified through corrective processes; for 
example, feedback/feedforward loops (Schmidt, 1982).
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-/ Input /I
L! StorageI
/  Action /-L____________/
Feedback
Figure 1.2. Diagram of the primary operations which may be involved in the 
completion of an everyday perceptual-motor task, such as judging distance.
The series of experiments reported in this thesis were designed to investigate 
the role of perceptual information and the effects of short-term storage in a range 
of perceptual-motor skills with vaiying degrees of approximation to real world 
actions. Chapter Two investigates subjects ability to recognise their maximum 
step length, when the perceptual conditions under which judgements are made 
were varied. Chapter Three investigates the way in which information about 
distance is encoded. Chapter Four investigates Connolly and Jones’s assumptions 
concerning the nature of short-term storage, within and across modalities. Finally, 
Chapter Five investigates short-term memory for spatial information within a 
Working Memory model (Baddeley and Hitch, 1974),
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Chapter Two
Jumping puddles: visual judgements of "action at a distance"
Experiments 1 and 2 were designed to investigate how effectively subjects 
could judge whether they were able to step across an obstacle whilst they were 
stood at some distance form it; for example, can a puddle be stepped across 
without getting wet feet ?
Two alternative ’models’ of performance were proposed. The first, was based 
on a Constructionist view, and suggested that visually judged ability was the result 
of a comparison between perceptual input and stored representations of ability. If 
this were the case, then altering the presentation of the visual information available 
to subjects should produce systematic changes in perceived ability. Tlie second 
model was based on Gibson’s claim that perception reflected an animal- 
environment fît, and that information-for-action was available via body-related 
invariants. If this explanation were correct, judged ability should be relatively 
stable across trials in which changes were made to the conditions under which 
visual information was presented.
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Experiment 1; the effects of distance on the accuracy of 
judgements of step length
Experiment 1 was designed as an exploratory study to investigate two 
questions. Firstly, how accurately can subjects judge their capability for stepping 
across an obstacle (puddle) when stood at some distance from it. Secondly, how 
do subjects’ judgements of ability change as a result of altering the distance 
between the ‘puddle’ and the subject.
Within a Constructionist framework, judgements concerning whether an action 
is or is not within an individuals range of capability may be based on the 
comparison of current perceptual information to stored representations of ability.
In order to make this comparison subjects must first be able to identify the size of 
the obstacle to be negotiated; for example, how big ?, how wide ? or how tall ? 
Theoretically, this decision requires only two pieces of infonnation: 1) the retinal 
image size subtended by the obstacle and 2) the distance of the obstacle from the 
subject. This information can then be combined using the ‘size distance 
invariance hypothesis’ (Sedgewick, 1984) to generate a perception of the size of 
the obstacle; that is, apparent size = apparent distance x retinal image size.
If, this explanation for perceived ability was correct, then assuming that 
perceived distance is related to physical distance by a power function (Gibson, 
1955; Wagner, 1985) changing the distance between the subject and the obstacle 
should produce a systematic change in judgements of maximum ability. This is 
predicted because, perceived distance is directly related to perceived size, and it is 
perceived size which is matched to stored representations, thus inaccurate size 
information will corrupt the matching process and, relative to reality create 
inaccurate estimates of ability.
To investigate the accuracy of performance and the effects of altering distance, 
subjects made judgements of maximum step length in each combination of four 
horizontal distances and three vertical distances, from the puddle. Changes to 
horizontal distance were made by subjects standing at increasingly large distances 
from the site of action. Changes to vertical distance were made by altering 
subjects’ eye height; that is, subjects either stood noimally, stood on blocks or 
knelt down. Finally, actual ability was also measured.
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Method
Subjects
Nine subjects volunteered to take part. All subjects were under graduate 
students at the University of Surrey.
Apparatus
Two pieces of apparatus were used:
1. ‘The puddle’. Judgements of maximum step length were made using the 
apparatus shown in figure 2.1. This apparatus is referred to throughout as, ‘the 
puddle’. The puddle consisted of a large rectangular sheet of hardboard (2.0m x
0.75m), which was painted matt black. Two supports were placed along the 
length of the longest sides. These supports allowed the free running of a sliding 
pointer. The pointer consisted of a 5cm wide white wooden baton, which 
extended across the width of the puddle. In addition to supporting the pointer, the 
left hand runner enclosed a centimetre scale (0 to 1.80m). The beginning of the 
scale was aligned with a white line painted at the front of the puddle.
Sliding pointer
White line
2m.
75cm
Figure 2.1. Line drawing of the * puddle*, on which subjects indicated their 
maximum step length.
2. Wooden blocks (10cm high x 10cm wide x 25cm long), were used to raise 
subjects’ eye height (alter vertical distance).
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Procedure
Subjects entered the room and removed their shoes, they were told that their 
task was to indicate the maximum distance they believed they could step across. 
Stepping was defined as placing one foot in front of the other, while keeping the 
back foot in contact with the floor (or block); that is, not leaping or jumping. The 
experimenter demonstrated stepping, but subjects were prohibited from practising 
their maximum step prior to the experiment. Subjects were told that when making 
judgements of maximum step length, they should in all cases imagine that they 
were stood at the white line marked on the apparatus, and consider that their step 
would start from that point. It was suggested to subjects that they imagined 
stepping across a large puddle, and that the white line marked the start of the 
puddle.
When making judgements, subjects were directed by the experimenter to stand 
at one of four horizontal distances from the puddle. The distances were measured 
from the white line, and were:- 0.0m (subjects stood at the white line), 1.5m, 
3.0m, and 4.5m.
Subjects indicated their maximum step length by watching the experimenter 
slowly move the pointer along the length of the puddle (50% of trials the pointer 
moved from front to back, and 50% of trials the direction of movement was 
reversed). Subjects said "stop" when they judged that the distance between the 
pointer and the white line equalled their maximum step length. Subjects were told 
that they could ask the experimenter to make fine adjustments to the position of 
the pointer (back or forth).
Subjects completed the procedure from three different eye heights (vertical 
distances) 1) standing (stocking feet), 2) standing on blocks and 3) kneeling. In 
the kneeling condition subjects knelt on the floor, with their backs straight and 
upper leg at 90 degrees to the floor. After completing all experimental trials the 
experimenter measured subjects actual maximum step length. Actual maximum 
step length was measured as the distance between the heel of the fore foot and toe 
of the rear foot, figure 2.2.
2 0 -
STEP LENGTH
Figure 2.2. Sketch showing the measurement of maximum step length.
Experimental design
The order of presentation of each combination of eye height and distance trials 
was pseudo-random (without replacement). The order remained consistent across 
subjects. Each subject completed a total of 24 trials, consisting of: 4 (horizontal 
distance) x 3 (eye height) x 2 (direction of movement of pointer).
Results
Treatment of results
Information relevant to all subsequent experiments
Experiments 1 to 8 generally report four measures of performance: absolute 
error, constant error, absolute proportional error and proportional error. The 
definitions of absolute and constant error have been taken from Roy (1976:283).
1. Absolute error score (A.E). "A measure of the deviation of a response from 
the target without regard for the sign or direction of error". Absolute error scores 
represent the total magnitude of the deviation fiom the target.
2. Constant error score (C.E). "A measure of the deviation of a response from 
the target with regard for the sign or direction of error". A negative constant 
error score represents under estimation of the target distance, and a positive score 
represents over-estimation.
3. Absolute proportional error scores. (Absolute error/ target distance) x 100. 
Error as a percentage of the target distance.
4. Proportional error scores (constant error/target distance) x 100, as above but 
based on constant error values.
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The primary purpose of including absolute proportional and constant 
proportional error scores was to investigate the effects of distance; that is, is error 
stable proportion (%) of the criterion distance ? However, although all analyses 
were carried out using both proportional error measures, the results of these 
analyses have been only partially reported. Specifically significant main effects of 
distance have been reported, and any effects which are central to the predictions of 
individual experiments, but wliich are not shown by the analysis of either absolute 
or constant error scores.
It should be noted that A.E is not statistically independent of C.E (and V.E 
measures). Thus, if only one error measures is to be reported then A.E is the 
preferred measure (Poulton, 1981). However, when A.E is used as a between 
group error measure it is not always apparent whether a change in the mean score 
is due to: a change in the directionality of performance, a change in the 
consistency of performance or a combination of both these factors. For this 
reason C.E error measures are reported in addition to A.E.
In all tables, the mean across subjects standard deviations of error scores are 
shown in parentheses, below the mean values. All tables, graphs and figures are 
numbered consecutively within each chapter. Each table, graph and figure number 
is prefixed by the chapter number.
The main statistical procedure used was analysis of variance, for which exact 
levels of probability are reported. Probability levels aie reported in the mnge 
p<0.05 to p <  0.001. All reported levels of significance relate to univariate 
results, unless specifically indicated by the presence of a superscript m C“). In 
which case the assumptions of sphericity as measured by the Mauchley Sphericity 
Test have not been met, and the more robust multivariate statistic (Pillais) was 
reported. This is based on recommendations by Nourisis (1985).
Treatment of results. Experiment 1
Judgements were analysed in terms of both error and ‘observed’ scores (actual 
measure of judged ability, collapsed across repeated trials). An analysis of 
variance based on observed scores indicated the same pattern of results as found in 
relation to constant eiTor scores. The mean across subjects obseiwed error scores 
are therefore not reported, although observed scores were used when correlating 
judged and actual ability. The mean across subjects actual maximum ability was
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91.00cm (sd=13.43).
Each judgement of maximum step length was converted to an error score 
(judged ability - actual maximum step length). Error scores were calculated for 
each combination of horizontal distance and eye height. A two way analyses of 
variance (horizontal distance (4) x eye height (3)) with repeated measures on all 
factors indicated significant effects in relation to only constant and constant 
proportional error scores.
Constant error scores
Table 2.1 and graph 2.1 show the mean across subjects constant error scores, 
in each combination of horizontal distance and eye height condition, collapsed 
across repeated trials.
Table 2.1. Mean across subjects constant error scores and standard deviations 
(centimetres), for each combination of eye height and horizontal distance, 
collapsed across direction of movement.
HORIZONTAL EYE HEIGHT POSITION
DISTANCE Stand Kneel Block
0.0m 3.50 2.56 2.50(16.34) (15.66) (16.71)
1.5m -3.28(15.42)
-3.94
(13.74)
-3.44
(16.13)
3.0m -6.94(13.03)
-7.89
(14.57)
-7.67
(15.13)
4.5m -7,33(16.03)
-7,56
(17.15)
-8.44
(14.32)
Mean -3.51 -4.20 -4.26
(14.77) (14.94) (15.23)
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Graph 2.1. Mean across subjects constant error scores (centimetres), for each 
combination of eye height position and horizontal distance, collapsed across 
direction of movement.
A two way analysis of variance (horizontal distance (4) x eye height position 
(3)) with repeated measures on all factors indicated a significant effect for only 
horizontal distance (F=20.33; df=3,24; p<0.001). Table 2.2 shows the mean 
constant error scores for each horizontal distance, collapsed across eye height 
position and indicates that increasing the distance between subjects and the puddle 
lead to an increasingly large under-estimations of ability.
The same analysis based on constant proportional error scores also indicated a 
significant main effect for horizontal distance (F=19.51; df=3,24; p<0.001). 
Table 2.2 shows that as horizontal distance increased the percentage error also 
showed an increasing negative bias. These two findings suggest that increasing the 
horizontal distance between the subject and puddle, increased error, but that the 
increase was neither the result of a constant margin of error nor a constant 
percentage error.
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Table 2.2. Mean across subjects constant (centimetres) and constant 
proportional error scores (%), for each horizontal distance collapsed across 
eye height position and direction of movement.
HORIZONTAL DISTANCE
Om 1.5m 3.0m 4.5m
C.E 2.85 -3.55 -7.50 -7.77
Constant % 4.09 -2.95 -7.35 -7.71
Pearson product moment correlations, based on constant error scores
Using constant error scores, Pearson product moment correlations were 
performed between mean error scores for each combination of eye height position 
(3) X horizontal distance (4). Using one tailed tests, all combinations of factors 
were found to be significant (r=0.89 to r=0.99; p <0.005).
Pearson product moment correlations, between observed and actual ability
Again using one tailed tests of significance, Pearson product moment 
correlations between observed maximum step length and actual maximum step 
length, in each combination of eye height and horizontal distance condition 
indicated no significant correlations (r=0.36 to r=0.50). This suggested that 
judgements of ability did not vary with actual ability. However, all 12 
correlations were in a positive direction.
Discussion
The first question addressed by Experiment 1 was the extent to which judged 
ability accorded with actual ability. The correlational analyses suggested that the 
relationship between judged ability and actual ability was weak, although a general 
trend for judged ability to increase with actual ability was found. In relation to 
the size of error (C.E), it was found that when stood normally at the puddle’s 
edge, judged ability was a slight over-estimate of actual ability and as distance 
increased error became more negative, but when considered as a proportion of 
actual ability the size of error was relatively small, between 2.74% and -9.27%.
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The slight inconsistency between the relative accuracy of judgements and the lack 
of significant correlations between actual and judged ability, may have been due to 
the restricted range of actual maximum step length; mean 91.00cm, sd = 13.43. 
However, because of the positive relationship between actual and judged ability, 
and the proportionately small size of error it was concluded that subjects could 
identify their maximum step length reasonably accurately, especially when stood at 
the puddles edge, however the high standard deviations (shown in table 2.1) 
suggest considerable across subject variability in the accuracy of judgements.
The second question addressed in Experiment 1, concerned the effect of 
changing distance. The results showed that altering the horizontal distance of the 
subjects from the puddles edge significantly increased the amount by which 
subjects under estimated ability, but that changing the vertical distance (eye height) 
had no effect. In the Introduction it was suggested that if perceived ability was 
judged on the basis of a comparison between perceptual input and stored 
representations, and that the comparison was scaled in relation to perceived 
distance, then increasing distance in either the horizontal or vertical planes would 
systematically effect judgements. Thus, the change in error found in relation to 
horizontal distance was clearly consistent with this prediction. One reason why no 
effect of vertical distance was found, may have been that relative to the horizontal 
condition the amount of change in distance created by changing eye height, was 
much smaller than the change made to horizontal distance; that is, the mean across 
subjects difference in eye height between the kneeling and standing on blocks was 
53cm, which represented only 11.97% of the total change made to horizontal 
distance (450cm). Thus, the changes in vertical distance may not have been 
sufficient to affect a change in judgements (or the method of measurement was not 
sufficiently sensitive to detect this change).
However, the most remarkable finding from Experiment 1 was the strong 
directional change in error across distance. A similar effect to this was reported 
by Mark (1987), in relation to perceived ability to step onto a raised surface.
From within the Ecological framework, Mark (1987) suggested that under­
estimation of ability at far viewing distances was an adaptive strategy. He argued 
that from far distances the decision the individual needs to make is whether it is 
sensible to expend energy by approaching the obstacle, given that their intention is 
to negotiate it. Thus, under-estimating ability at far distances, can be seen as
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being ecologically adaptive.
A similar adaptive explanation can also be proposed in tenns more consistent 
with the Constructionist view point. This states that increasing standing distance, 
decreases the quality of information available from depth cues. Thus, as a result 
of increasing uncertainty about either the distance between themselves and the 
obstacle and/or the actual distance represented by the puddle, subjects chose to 
increasingly err on the side caution and consequently under estimate their 
maximum step length.
In conclusion therefore, the Introduction proposed that if maximum ability 
was judged on the basis of a Constructive process then systematic changes in error 
would be found as a result of altering distance information. Evidence in support 
of this was found, although only in relation to horizontal distance. The change in 
performance across distance, suggested that error in perceived ability may serve an 
adaptive function, a finding which is sympathetic to an Ecological interpretation.
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Experiment 2: the affect of changing the slope of presentation 
and monocular/ binocular presentation on judgements of step 
length
Experiment 2 was designed to further investigate the effects on perceived step 
length of altering the quality/quantity of visual information available to subjects.
In addition to considering performance across changing horizontal distance, the 
effects of monocular and binocular presentation conditions and slope of 
presentation were investigated. These factors were selected in order to further 
investigate the proposal made in Experiment 1 (Introduction), that judged ability 
was the product of a scaled judgement, based on perceived distance of the subject 
from the site of action. Three specific predictions were investigated.
Firstly, the results of Experiment 1 suggested that the increase in error found 
as a result of increasing horizontal distance may have been due to the quality of 
visual information available; that is, increasing distance from the site of action 
decreased the availability of depth cues, and this consequently caused subjects to 
mis-perceive the distance between themselves and the start of the puddle. If this 
were correct, deliberately varying visual depth information should systematically 
affect performance. In order to do this, Experiment 2 compared judgements of 
maximum ability, made in conditions of full binocular and restricted monocular 
(viewing through a tube) presentation. The effect of the monocular condition was 
not only to eliminate stereopsis, but also to reduce information from the 
surrounding environment. It was predicted that because of the relatively restricted 
information available to subjects in the monocular condition, judgements of 
perceived ability would be significantly less accurate than in the binocular 
presentation condition.
Secondly, if maximum ability was judged on the basis of a comparison 
between stored representations of ability and perceptual input, then when judging 
ability from longer distances, subjects may have to make two distance judgements 
1) the distance between themselves and the site of action, and 2) identification of 
ability. The above prediction assumes that error in performance was the result of 
poor depth information which impahed subjects ability to accurately estimate the 
first distance rather than the second. If this were true, then altering the angle of
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presentation of the puddle should have no effect on perfomiance; that is, changing 
the slope of presentation of the puddle has no effect on the distance between the 
subject and the start of their estimate of step length, thus in all three slope 
presentation conditions (flat, sloping away and sloping towards) error should be 
unchanged for each horizontal distance.
Alternatively, if judged ability was the product of a process which takes into 
account both horizontal distance information and the retinal image size of the 
target; for example, the size distance invariance hypothesis. It would be expected 
that because changing the angle of presentation of the puddle alters the visual 
angle (retinal image size) subtended by any target, a systematic, directional 
difference will be found between sloping conditions; that is, when the puddle 
slopes towards the subject, the retinal image size subtended by actual ability is 
increased, relative to a flat presentation condition, see figure 2.3. Thus, within 
the size distance invariance hypothesis if retinal image size increases, it would be 
expected that apparent size would also increase, and therefore subjects would 
under estimate ability. In contrast, when the puddle is presented as sloping away 
from the subject, the retinal image size subtended by actual ability is reduced, and 
performance would be expected to be an under estimate of actual ability.
Slope towards
18 degrees Floor
^  18 degrees
A = visual angle subtended in slope towards conditions 
^  '  subtended '
i l Slope awayB = Visual angle t nded in slope away conditions
Figure 2.3. The change created the in visual angle subtended by actual step 
length, in slope away and slope towards conditions.
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Finally, as found in Experiment 1 it would be expected that judged ability will 
accord closely with actual ability. This prediction is again tested, as it is crucial 
to the validity of any explanation of performance that observed ability corresponds 
with actual ability.
To investigate the above, Experiment 2 was designed to compare the accuracy 
with which subjects could make judgements of maximum step length in restricted 
monocular and binocular visual presentation conditions. Within each monocular 
and binocular presentation condition subjects made judgements of ability when the 
puddle was presented in each of three sloping conditions: flat, sloping away from 
the subject and sloping towards the subject. In addition, subjects made judgements 
from each of four horizontal distances from the start of the puddle.
Method
Subjects
Nineteen subjects volunteered to take part. Subjects were divided into two 
groups: restricted monocular group («=10) and binocular group («=9). All 
subjects were undergraduates attending the University of Surrey,
Apparatus
Five pieces of apparatus were used:
1. A modified version of the puddle described in Experiment 1. The 
modification consisted of the addition of a supporting metal frame added to the 
underside of the board (to improve rigidity). The presence of the frame raised the 
surface of board 2cm off the floor.
2. Two retort stands were used to position the board at an angle of 18 degrees 
to the floor.
3. A continuous length of matt black paper was used to cover the ground 
between the puddle and the subject. The paper was 1.2m wide x 6.0m long.
4. A chair (62cm high), on which subjects stood when making judgements in the 
slope away condition.,
5. A cardboard tube, through which subjects in the restricted monocular group 
subjects viewed the apparatus. The tube measured 20cm long x 5cm diameter.
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Procedure
Subjects were assigned to one of two groups, either the restricted monocular 
group or the full binocular group (referred to respectively as the monocular and 
binocular groups). The same basic task was used as in Experiment 1; that is, 
subjects visually identified their maximum step length. The criteria for defining 
both maximum step length and measurement of step length on the board were the 
same as reported in Experiment 1 (Procedure). Due to the presence of the 
supporting frame attached to the back of the board, subjects could not stand at the 
white line (horizontal distance 0.0m). Instead, subjects stood on the floor at the 
nearest point to the white line, which was 0.45m. The remaining three horizontal 
distances were unchanged from Experiment 1 (1.5m, 3.0m and 4.5m).
All subjects made judgements of maximum step length in three slope 
presentation conditions:
1. Flat - The puddle was positioned flat on the floor (as in Experiment 1).
2. Slope Away - The puddle was tilted away from the subject, using the retort 
stands (figure 2.4).
3. Slope Towards - The puddle was tilted towards the subject, using the retort 
stands (figure 2.4).
In the monocular group subjects made judgements while viewing the apparatus 
with one eye closed and looking through a cardboard tube. No stipulation was 
made as to which eye should be closed, only that the same eye was closed for all 
judgements.
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SLOPE TOWARDS CONDITION
h
/
SLOPE AWAY CONDITION
Figure 2.4. The relative positions of the puddle and the subject in slope 
towards (top) and slope away (bottom) conditions.
Experimental design
Unlike Experiment 1, the presentation of trials was not random. AU trials for 
each slope presentation condition (flat, slope away, slope towards) were presented 
as a block. This was due to practical problems associated with the physical 
moving of apparatus. Within each block the order of presentation of each 
combination of horizontal distance and direction of movement of the pointer was 
pseudo-random (without replacement), but consistent across subjects. Within each 
group (monocular/ binocular) three different orders of slope presentation were 
used, 1/3 (n=3, approx.) of subjects completed each order.
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Order 1 = Flat - Slope away - Slope towards 
Order 2 = Slope away - Slope towards - Flat 
Order 3 =  Slope towards - Flat - Slope away 
In total each subject made 24 judgements: 4 (horizontal distance) x 3 
(apparatus position) x 2 (direction of movement of the pointer).
Results
Treatment of results
Judgements of maximum ability were analysed in terms of both observed 
scores and error scores. Analysis of variance based on observed scores showed 
the same pattern of significance as constant error scores, and therefore observed 
scores have not been reported. As in Experiment 1 observed scores (collapsed 
across direction of movement of the pointer) were used in the correlations between 
judged and actual ability.
Error scores were calculated as (judged ability - actual ability). Absolute and 
constant error scores are reported in the following sections. The mean across 
subject values reported in the following tables and analyses, have been collapsed 
across the two direction of movement of the pointer conditions.
Mean across subjects actual ability: monocular group 93.70cm (sd=17.84), 
binocular group 85.22cm (sd=14.52).
Absolute error scores
Tables 2.3 and 2.4 show the mean across subjects absolute error scores and 
standard deviations, for each combination of horizontal distance and slope of 
puddle in the monocular and binocular presentation groups. Table 2.3 shows the 
mean error scores within the monocular group and table 2.4 shows the mean error 
scores within the binocular group.
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Table 2,3. Mean across subjects absolute error scores (centimetres) and 
standard deviations, for each combination of horizontal distance and slope of 
puddle within the monocular presentation group.
HORIZONTAL
DIST.
MONOCULAR GROUP Mean
Flat Slope
toward
Slope
away
0.45m 13.70 8.35 16.65 12.90
(7.37) (7.95) (10.58) (6.72)
1.50m 21.00 16.05 13.65 16.90
(10.10) (10.38) (10.07) (8.93)
3.00m 11.35 14.10 13.20 12.88
(9.52) (15.02) (10.52) (10.72)
4.50m 13.40 11.75 17.50 14.22
(11.29) (11.92) (12.09) (10.10)
Mean 14.86 12.56 15.25
(7.04) (9.71) (9.83)
Table 2.4. Mean across subjects absolute error scores (centimetres) and 
standard deviations, for each combination of horizontal distance and slope of 
puddle vyithin the binocular presentation group.
HORIZONTAL
DIST.
BINOCULAR GROUP Mean
Flat Slope
toward
Slope
away
0.45m 21.56 18.39 15.50 18.48
(12.84) (10.68) (12.10) (11.39)
1.50m 16.94 15.06 13.56 15.19
(12.37) (14.43) (11.74) (12.53)
3.00m 15,67 13.44 13.11 14.07
(13.10) (13.08) (8.92) (11.46)
4.50m 13.78 15.89 12.94 14.20
(8.11) (13.99) (8.61) (9.17)
Mean 16.99 15.69 13.78
(11.23) (12.73) (9.56)
A three way analysis of variance (slope of puddle (3) x horizontal distance (4) 
X presentation group (Mon./ Bi.) (2)) with repeated measures for slope of puddle 
and horizontal distance, indicated no significant main effects. Significant 
interactions were found for: slope x horizontal distance (F=2.43; df=6,102; 
p=0.031) and slope x horizontal distance x presentation group (F=2.76;
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df=6,102; p=0.016). Table 2.5 and graph 2.2 show the mean error scores for 
each combination of slope of puddle and horizontal distance, collapsed across 
presentation group. Table 2.5 shows that the mean errors in all conditions are 
large and relatively consistent, but that most change in perfonnance was found 
between the horizontal distances of 0.45m and 1.5m. In addition, performance in 
the slope towaids condition showed least variation in error as a result of changing 
horizontal distance. Graph 2.1 shows more clearly the interaction between slope 
and distance, and indicates that increasing distance reduced the difference in error 
between the three slope conditions, and that the flat and slope towards conditions 
showed a similar pattern of enor, which was not found in the slope away 
condition.
Table 2.5. Mean across subjects absolute error scores (centimetres), for each 
combination of slope of puddle and horizontal distance, collapsed across 
presentation groups.
HORIZONTAL
DISTANCE
SLOPE OF PUDDLE
Flat Slope
toward
Slope
away
0.45m 17.63 13.37 16.07
1.50m 18.97 15.55 13.60
3.00m 13.51 13.77 13.15
4.50m 13.59 13.82 15.22
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Graph 2.2. Mean across subjects absolute error scores (centbnetres), for each 
combmation of slope of puddle and horizontal distance, collapsed across 
presentation groups.
In respect to the three way interaction, graphs 2.3 and 2.4 show the mean 
error scores for each combination of slope of the puddle and horizontal distance, 
within the monocular and binocular presentation groups respectively, (mean error 
values shown in tables 2.3 and 2.4). Graph 2.3 shows that in the monocular 
presentation group error was much less consistent across distance and slope, than 
in the binocular group. Two specific trends present in the binocular group, but 
not in the monocular group were: increasing horizontal distance lead to a 
monotonie decrease in error (except in slope towards, 4.50m), and the slope away 
condition was consistently the most accurate slope condition.
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Graph 2,3* Mean across subjects absolute error scores (centimetres) for each 
combination of slope of the puddle and horizontal distance, within the 
monocular presentation group.
Absolute error (cm)2 5
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Graph 2.4, Mean across subjects absolute error scores (centimetres) for each 
combination of slope of the puddle and horizontal distance, within the 
binocular presentation group.
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Constant error scores
Tables 2.6 and 2.7 show the mean across subjects constant error scores for 
each combination of horizontal distance and slope, for subjects in the monocular 
and binocular presentation conditions. Table 2.6 shows the mean error scores 
within the monocular group and table 2.7 shows the mean error scores within the 
binocular group.
Table 2.6. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of horizontal distance, slope of 
puddle within the monocular presentation group.
HORIZONTAL
DIST.
MONOCULAR GROUP Mean
Flat Slope
toward
Slope
away
0.45m -12.00 -4.05 -16.65 -10.90
(10.14) (11.07) (10,58) (9.39)
1.50m -17.60 -10.65 -10.65 -12.97
(15.74) (16.37) (13.51) (14.06)
3.00m -6.25 -11.20 -12.00 -9.82
(13.80) (17.52) (12.01) (13.30)
4.50m -4.90 -5.15 -16.70 -8.92
(17.33) (16.31) (13.29) (14.59)
Mean -10.19 -7.76 -14.00
(12.67) (14.12) (11.34)
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Table 2.7. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of horizontal distance, slope of 
puddle within the binocular presentation group.
HORIZONTAL
DIST.
BINOCULAR GROUP Mean
Flat Slope
toward
Slope
away
0.45m 21.56 18.39 11.94 17.30
(12.84) (10.68) (16.01) (12.58)
1.50m 16.94 14.94 10.00 13.96
(12.37) (14.56) (15.23) (13.77)
3.00m 15.56 13.33 9.56 12.81
(13.24) (13.21) (13.04) (12.76)
4.50m 12.33 13.89 4.61 10.28
(10.40) (16.21) (15.45) (13.01)
Mean 16.60 15.14 9.03
(11.67) (13.36) (14.53)
A three way analysis of variance (slope of puddle (3) x horizontal distance (4) 
X presentation group (Mon./ Bi.) (2)), with repeated measures for slope of 
presentation and horizontal distance indicated a significant difference between the 
monocular and binocular presentation groups (F=17.93; df=l,17; p=0,001).
The nature of this difference can be seen from tables 2.6 and 2.7 above, in which 
the mean across subjects error in the monocular group was consistently an under­
estimate of actual ability, as opposed to a consistent over-estimation in the 
binocular group. The mean across subjects constant error score, collapsed across 
horizontal distance and slope of puddle was -13.23cm in the monocular group and 
13.59cm in the binocular presentation group.
A significant main effect was also found for slope of the puddle (F=11.05; 
df=2,34; p < 0.001). Table 2.8 shows the mean across subjects error for each 
slope of the puddle condition collapsed across presentation group and horizontal 
distance. It shows that relative to the flat condition sloping the puddle towards the 
subject produced an increase in over-estimation of ability, whereas sloping the 
puddle away from the subject produced an under estimation of actual ability. 
Planned contrasts indicated that both slope conditions differed significantly from 
the flat condition.
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Planned contrasts:
Flat compared to slope towards (F=7,94; df=l,17; p=0.012) 
Flat compared to slope away (F = 13.44; df= l,17; p =0.002)
Table 2.8. Mean across subjects constant error scores (centimetres), for each 
slope of the puddle condition, collapsed across horizontal distance and 
presentation group.
SLOPE OF 
PUDDLE FLAT SLOPE TOWARD
SLOPE
AWAY
C.E 2.50 3.09 -3.09
Three significant interaction effects were found. Fiistly, presentation group 
(mon./bi.) x horizontal distance (F=4.24; df=3,51; p <0.009). Table 2.9 shows 
the mean constant error scores at each horizontal distance within each presentation 
group, and indicates that within both presentation groups increasing distance from 
the puddle generally reduced error, so that the smallest difference between groups 
was at the furthest horizontal distance, but a strong directional difference in error 
remained.
Table 2.9. Mean across subjects constant error scores (centimetres), for each 
combmation of presentation group and horizontal distance collapsed across 
slope of puddle.
PRESENTATION
GROUP
HORIZONTAL DISTANCE
0.45m 1.50m 3.00m 4.50m
Monocular -10.90 -12.97 -9.82 -8.92
Binocular 17.30 13.96 12.81 10.28
The remaining two interactions concerned slope x horizontal distance 
(F=5.58; df=6,102; p < 0.001)“ , and slope x horizontal distance x presentation 
group (F=4.28; df=6,102; p=0.001)“. Table 2.10 and graph 2.5 show the mean 
error scores for each combination of, slope of puddle and horizontal distance 
collapsed across presentation group.
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Table 2.10. Mean across subjects constant error scores (centimetres), for each 
combination of horizontal distance and slope, collapsed across presentation 
groups.
HORIZONTAL
DISTANCE
SLOPE OF THE PUDDLE
Flat Slopetoward
Slope
away
0.45m 3.89 6,58 -3.11
1.50m -1.24 1.47 -0.87
3.00m 4,08 0.42 -1.79
4.50m 3.26 3.87 -6.61
Table 2.10 shows that under estimation of ability was only consistently found 
in the slope away condition, and that within both sloping conditions error was 
largest at the two extreme horizontal distances (0.45m and 4.50m). Within the flat 
condition the magnitude of error was relatively stable across horizontal distance 
(except for 1.5m), Graph 2.5 shows the same information as table 2.10, but more 
clearly shows the difference between error in the two slope conditions.
C onstant error (cm)
- 2
- 4
-6
-8 543210
—  Flat 
—I— Slope toward 
- 4 ^  Slope away
Horizontal distance (m)
Graph 2.5. Mean across subjects constant error scores (centimetres), for each 
combination of horizontal distance and slope, collapsed across presentation 
groups.
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In relation to the three way interaction between, presentation group x 
horizontal distance x slope of puddle, tables 2.6 and 2.7 (above) show that 
perfonnance in the monocular group was consistently an under estimate of actual 
ability, whereas the binocular group produced errors which were an over-estimate 
ability. In both the flat and slope towards conditions the binocular group’s error 
was generally larger than the monocular group’s, but in the slope away condition 
mean error was generally larger in the monocular presentation condition. Within 
the binocular group, error decreased with increasing horizontal distance across all 
three slope conditions. This was not found in the monocular group.
Correlations between observed scores and actual maximum ability
Correlations between observed and actual ability within each combination of 
slope of the puddle, horizontal distance and presentation group indicated that using 
one tailed tests of significance, significant correlations were found for almost all 
combinations of factors. In addition, within both presentation groups all 
correlations were in the predicted (positive) direction. Table 2.11 shows the 
correlation co efficients and levels of significance for each combination of slope x 
horizontal distance within the monocular group. Table 2.12 shows the correlation 
co efficients and levels of significance for each combination of slope x horizontal 
distance within the binocular group.
Table 2.11. Pearson product moment correlation co efficients and one tailed 
levels of significance between observed ability and actual ability, in each 
combination of horizontal distance and slope of puddle condition, within the 
monocular group.
HORIZONTAL
DISTANCE
MONOCULAR GROUP
Flat Slope toward Slope
away
0.45m 0.84 0.80 0.80
p<0.01 p<0.01 p<0.01
1.50m 0.59 0.56 0.65
p<0.01 p<0.05 p<0.01
3.00m 0.66 0.38 0.74
p<0.01 n/s p<0.01
4.50m 0.38 0.50 0.68
n/s p<0.05 p<0.01
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Table 2.12. Pearson product moment correlation co efficients and one tailed 
levels of significance between observed ability and actual ability, in each 
combination of horizontal distance and slope of puddle condition, within the 
binocular group.
HORIZONTAL
DISTANCE
BINOCULAR GROUP
Flat Slope
toward
Slope
away
0.45m 0.60 0.78 0.54
p<0.01 p<0.01 p<0.05
1.50m 0.59 0.60 0.54
p< 0.0 l p<0.01 p<0.05
3.00m 0.58 0.68 0.63
p<0.01 p<0.01 p<0.01
4.50m 0.72 0.59 0.42
p<0.01 p<0.01 n/s
Discussion
Experiment 2 was designed to investigate three predictions concerning the 
effect of altering the visual information available to subjects when making 
judgements of maximum step length. The first prediction stated that if the 
increase in error found as a result of increasing horizontal distance found in 
Experiment 1, was due to the diminished quality of distance information, then 
judgements in the monocular presentation group would be significantly less 
accurate than judgements in the binocular group. Two pieces of data are relevant 
to this prediction: the effect of horizontal distance and the interaction between 
horizontal distance and visual presentation group. Firstly, in relation to horizontal 
distance, the results showed that unlike Experiment 1 varying distance had no 
simple effect on performance. However, an interaction (C.E) was found between 
visual presentation group and distance, which indicated that despite differences in 
direction of error, across both groups increasing distance lead to more accurate 
judgements, (as opposed to the increase in error found in Experiment 1). This 
therefore suggested that error in judgements of maximum step length cannot be 
accounted for simply in terms of the availability of depth information. Secondly, 
in relation to the predicted difference between presentation groups, the results
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(A.E and C.E) indicated that the actual magnitude of error was remarkably similar 
across monocular and binocular groups (although C.E scores indicated a strong 
directional difference). Again, this suggested that error was not simply the 
product of poor visual depth information.
One reason for the unexpected finding of a strong directional difference, 
between presentation groups, may have been related to the fact that in monocular 
conditions subjects made judgements while looking through a tube. The intended 
effect of the tube, was to reduce the amount of information provided by the 
surrounding environment. However, an additional unforeseen consequence was 
that it prevented subjects from seeing the entire length of the scene at once; that 
is, the distance between themselves and the puddle and their judged maximum step 
length. Thus, in the monocular group subjects frequently had to use a scanning 
action in order to estimate their distance from the puddle. It is therefore possible, 
that subjects in the monocular group found it difficult to accurately estimate 
horizontal distance. Further, if it is accepted that judgements of maximum ability 
were the result of a comparison between perceptual input and stored 
representations of ability, based on a size distance invariance hypothesis, then 
difficulty in judging apparent distance would be expected to be reflected in 
judgements of ability. Although crucially, within the monocular group this 
proposal implies that the effect of the tube was to cause subjects to judge apparent 
horizontal distance as larger than reality, whereas in the binocular condition 
subjects perceived the horizontal distance as smaller than reality.
Overall, there was no evidence that performance in the monocular group was 
less accurate than in the binocular group, but the striking directional difference in 
error suggested that perfoimance in the monocular group was affected by a factor 
not found in binocular performance. This factor may have been the mis­
perception of distance as a result of the limited visual field, or simply an increased 
tendency towards cautiousness in the presence of limited information.
The second prediction made in the Introduction concerned the effect of 
changing the angle of presentation of the puddle. It was suggested that if 
perception of maximum ability was influenced only by the quality of depth 
information, then changing the slope of presentation would have no effect on 
performance. The results (C.E) indicated that altering slope of presentation did 
affect performance, although this effect was concerned with the direction of error
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rather than the overall magnitude of error. Specifically, over-estimation was 
found in the slope towards and flat conditions and under estimation was found in 
the slope away condition. Thus, not only did changing the angle of presentation 
from flat to sloping affect judgements, but the direction of the slope also 
significantly affected judgements. Tliis further, supports the above interpretation 
that across distance, changing error in perceived ability is not simply due to the 
mis-perception of apparent distance arising from poor visual information.
The third prediction made in the Introduction stated that the effect of altering 
the angle of presentation of the puddle would be to produce over-estimation in 
slope away conditions and under estimation in slope towards conditions. It has 
already been stated that a directional difference between judgements made in the 
two slope conditions was found. However, the nature of this effect was contrary 
to that predicted, as over-estimation was found in the slope towards condition, and 
under-estimation in the slope away. Therefore, this does not support the claim 
that judged ability is the product of the size distance invariance hypothesis, as 
increasing the retinal image size (slope towards) was not associated with under­
estimation of ability. However, when considered across distance, evidence of an 
asymmetry in error was found between slope towards and slope away conditions 
(C.E). This suggests that the angle of presentation did affect judgements of 
maximum ability. In addition, the same interaction (slope x distance) was found 
based on A.E scores, which indicated that only at shorter distances (0.45m and 
1.5m) did error in the three slope conditions diverge. One possible interpretation 
of this finding, was that at the shorter distances the change in retinal image size 
between sloping and flat presentation conditions was relatively greater than found 
at the longer distances. Thus, the fact that slope affected judgements only at 
shorter distances suggests that performance may have been influenced by retinal 
image size, but that quite large changes to the subtended image size are required 
in order to affect judgements. Therefore taken together, these two effects suggest 
a systematic affect of slope on performance and by inference that judged ability 
was effected by retinal image size.
Overall, the effect of slope was directly contrary to that predicted, however 
the results did suggest that retinal image size affected performance. Thus, it may 
be the case that visually judged maximum ability is the product an invariant which 
incorporates retmal image size, but not necessarily the in the form of the size
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distance invariance hypothesis, as proposed in the Introduction. For example, 
witliin the Ecological literature, retinal image size has been identified as the basis 
of an invariant for time-to-contact estimations (Lee and Reddish, 1981; Lee, 
Lishman and Thomson, 1982), and it is conceivable that a similar retinal image 
size invariant may specify maximum step length. Alternatively, witliin a 
Constructionist framework it may be that the mathematically derived size distance 
invariance hypothesis was basically correct, but that in practice additional factors 
such as context, personal motivation etc. moderate the equation.
Finally, correlations between actual and observed ability indicated that within 
both groups subjects judgements of maximum ability were in accord with actual 
ability, and the positive nature of the correlations indicated that across subjects 
judged ability increased with actual ability. This implies that observed scores 
were a valid reflection of ability; that is, altering the slope of presentation and 
requiring the use of the tube did not make the task excessively difficult.
The conclusions from Experiment 2 are therefore that perception of maximum 
ability was influenced by the visual information available, and that reducing the 
depth infonnation (monocular group) created a systematic change in the direction 
of error. Changing the slope of presentation also appeared to systematically effect 
performance, but not in the way predicted on the basis of the size distance 
invariance hypothesis, as described in the Experiment 1.
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Chapter Three
The role of spatial coding in remembering distance
In Experiments I and 2 subjects made visual judgements of length. However, 
these judgements may have implicitly incoiporated a motor or kinaesthetic 
element, as they required the use of visual information to make judgements about 
an essentially motor task. Tasks such as these have a place in the investigation of 
visuo-motor skills, but, as examples of everyday performance they have two major 
limitations. Firstly, perception of maximum ability assumes that subjects have 
accurate knowledge of their capability. Secondly, the perception of maximum 
ability involves the recall of information accrued and maintained across extended 
periods of time. Neither of these components are necessarily required by the 
majority of everyday actions. Thus, in several important respects the task of 
judging maximum ability may be unrepresentative of majority of everyday actions.
The task used in Experiments 3 to 8 required subjects to make judgements of 
distance within the normal range of reach. The task selected was a ‘linear 
replacement task’ similar to that used by Connolly and Jones (1970). In this task 
subjects were presented with a marker positioned along a linear track: the marker 
was then displaced by the experimenter, and after a brief delay, the subject was 
required to replace the marker in it’s original position. This task was no more 
representative of everyday action, than judging maximum ability; but it did allow 
the incorporation of a number of elements typical of everyday tasks, which were 
not present in the previous task. For example, in the two experiments reported in 
Chapter Three there was only the briefest of delay, between presentation and 
reproduction of the distance. The intention of this was to maximise the perceptual 
component of the task. In addition, the task can be performed both visually and 
kinaesthetically, which permits the testing of theories postulating different 
encoding and/or storage mechanisms for the two modalities. Finally, by using 
distances which do not necessarily correspond to maximum ability, this increases 
the face validity of the task; for example, when putting down and picking a cup, it 
is far more usual for the cup to be placed within the individuals normal range of 
ability, rather than at the extremes.
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It has already been suggested in the overall Introduction that error in 
performance may arise from any or all of three basic operations: 1) the perception 
of information, 2) the storage of information and 3) the matching of stored 
information to actual performance. The two experiments reported in Chapter 
Three were concerned with the ability to detect presented distance information. 
Specifically, Experiment 3 investigated the effect of basing reproductions of the 
criterion distance on either location or extent information, and Experiment 4 
investigated the nature of distance coding by altering the direction of definition of 
the criterion distance. Performance on both tasks was investigated within the 
visual and kinaesthetic modalities.
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Experiment 3: The use of location and extent information in 
visual and kinaesthetic judgements of distance
Distance is, "A space or interval between two things" (Oxford English 
Dictionary, 1990), thus when presented with a task requiring that a previously 
experienced distance is reproduced, subjects may complete the task by recalling 
either the extent (space) or the location (end points) originally associated with the 
distance. Experimentally, location and extent information can be separated by 
altering the starting position of the criterion distance between presentation and 
reproduction. Thus, subjects can be asked to reproduce the location of the 
criterion distance irrespective of the extent, or reproduce the extent irrespective of 
the original starting and stopping points.
Tiie accuracy with which location and extent can be recalled has been 
extensively studied in relation to movement (kinaesthetic) information. The 
majority of studies (Roy, 1977; Diewert, 1975; Martenuik, 1973; Martenuik and 
Roy, 1972; Laabs, 1973; Dickinson, 1977 and Colley and Colley, 1981) have 
found that kinaesthetic reproduction of location information is more accurate than 
kinaesthetic reproduction of extent. Exceptions to this finding are rare, although 
Walsh and Russell (1979) and Imanaka and Abemethy (1991) both suggested that 
in recalling movement, location and extent information interacted; and Hagman 
and Francis (1975) found that kinaesthetic reproductions of location and extent 
were equally accurate, providing subjects were told prior to presentation the type 
of information to be reproduced.
One explanation proposed for the greater accuracy of kinaesthetic performance 
based on location information has been in terms of the nature of information 
coding, and more specifically the ‘rehearsabihty’ of information. Atteneave and 
Benson (1969), and Podbros, Wyke and Waters (1981) claimed that location 
information was visually coded, and Diewert (1975) and Gupta, Gupta and Kool 
(1986) clahned that extent infonnation was kinaesthetically coded. Further, since 
it has been clahned that due to it’s rehearsability, visually coded information is 
more efficiently stored across time than kinaesthetically coded information 
(Posner, 1967), tliis has been used to account for the more accurate 
reproduction of location than extent when recall is delayed.
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If this coding explanation were correct, two predictions can be made. Firstly, 
for kinaesthetic judgements, when recall immediately follows presentation, no 
effect of differential rates of forgetting should be found. Thus, under these 
circumstances there should be a minimal difference between kinaesthetic 
reproductions of location and extent information. Secondly, there should be an 
interaction between the modality the information is presented in, visual or 
kinaesthetic, and whether judgements of location or extent are required; that is, V- 
V judgements of location should be more accurate than K-K judgements, whereas 
for judgements of extent, K-K judgements should be more accurate than V-V 
judgements. This interaction is predicted because (assuming modality specific 
storage consistent with Connolly and Jones’s model) if location information is 
visually coded, then in K-K conditions the stored location information must be 
translated from the visual storage code to the kinaesthetic response code, and the 
process of translation will introduce ‘noise’ not found in V-V conditions (Connolly 
and Jones, 1970), In the case of reproduction of extent information a similar 
effect of ‘noise’ as a result of translation would be expected, but in favour of 
kinaesthetic extent infonnation.
An alternative explanation for differences in the accumcy within location and 
extent conditions relates to the type of information remembered in the two 
conditions; that is, in location conditions, subjects need only remember the final 
stopping point of the distance, whereas in extent conditions subjects must 
remember the length of the distance and be able to transpose the remembered 
length from it’s presented position into a new position.
Two issues arise from this, firstly the ‘quantity’ of information to be 
remembered. It may be that in location conditions subjects retain the same amount 
of information regardless of the length of the criterion distance, whereas in extent 
conditions subjects must remember the entire length of the distance. If this were 
the case, a number of tentative arguments suggest that remembering extent will be 
more vulnerable to error than remembering location. Firstly, if distance is 
encoded analogically, as suggested by Kosslyn (1973) amongst others, then it is 
possible that as distance increases the amount of information to be stored 
increases, and because of this, information in the extent condition may be either 
more vulnerable to distortion and/ or require a greater processing effort.
Secondly, if something like Weber’s law is true, and just noticeable differences
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increase with distance, then on average greater error and greater variability would 
be expected as the remembered distance increased. Thus, differences between the 
accuracy of recall of location and extent may arise due to differences in the 
information necessary to be stored and consequently increasing the length of the 
criterion distance should increase error in the extent condition, but not the location 
condition.
The second issue raised by the type of information to be remembered in the 
two conditions, relates to the requirement in extent conditions to transpose the 
distance infonnation. This is relevant because, if in location conditions subjects 
remember only the end location of the criterion distance regaidless of the length 
associated with it, then the end location must be referenced in relation to some 
other ‘landmark’. Potential landmarks could be either body related (ego centric) 
or geographic (geo centric; Pick, 1988). However, in extent conditions because of 
the additional requirement to transpose the criterion distance, it may be that 
landmark based coding is not as adaptive a strategy, because changing the starting 
point of the response, also changes the correct end point of the response relative to 
any landmarks. Thus, instead of using landmark based encoding subjects may rely 
on alternative forms of coding such as an exo-centrically based scale; for example, 
a centimetie scale. Thus, the difference between location and extent conditions 
may be accounted for either in terms of the greater accuracy of ego centric coding, 
or possibly more plausibly, in terms of the reduced usefulness witliin the extent 
condition of landmark based (possibly ego centric) coding. Therefore, if distance 
information was coded in an ego-centric form, and this form of coding was less 
advantageous when reproducing extent, then within the location condition some 
change in performance across distance may be expected (as not all distances would 
necessarily be expected to be equally codable), but the error across distance should 
be significantly less for location judgements than for extent judgements.
Finally, if it is the case that in location conditions information is coded in an 
ego centric form, performance should be influenced by the distance presented 
rather than the distance to be reproduced. This is because, in location trials it is 
the end point of the criterion distance which is critical, and assuming landmark 
based coding, the actual length of the response movement required to reach the 
end point is irrelevant to accurate performance. This prediction can be tested, as 
it is an inherent characteristic of separating location and extent by changing the
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respective starting and stopping points, that in location conditions, the length (or 
direction) of the presented criterion distance is different to the length (or direction) 
of the response. Thus, errors made in the location condition can be compared 
when based on the two foims of distance score, and differences in accuracy found 
as a result of scoring distance may indicate the normal fonn in which information 
is coded.
In summary, if the coding explanation for differences between location and 
extent condition was correct two predictions are made: 1) using immediate recall 
differences between location and extent conditions should be minimal, 2) an 
interaction should be found between matching condition and location/extent 
conditions. Alternatively, if differences between location and extent conditions are 
due to the quantity of information to be remembered then, across distance error 
should increase in the extent but not location condition. However, if differences 
in perfoimance are due to the nature of coding (ego-centric/ exo-centric) then: 1) 
across distance judgements in the location condition should be more accurate than 
in the extent condition, and 2) location information should be most accurately 
reproduced when considered in relation to distance presented, rather than the 
distance to be reproduced.
In order to investigate these predictions Experiment 3 compared the accuracy 
with which subjects could reproduce location and extent information, as compared 
to a control condition in which both location and extent were reliable cues. A 
minimum time interval was imposed between presentation and reproduction. 
Subjects were presented with information about the criterion distance either 
visually or kinaesthetically. Responses were in the same modality as the 
presentation; that is, intra-modal performance. Subjects made judgements at each 
of four criterion distances.
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Method
Subjects
Twelve male soldiers, all members of the ‘trials troop’, based at the Army 
Personnel Research Establishment (A.P.R.E.), Famborough, took part in the 
experiment.
Apparatus
Both the presentation of the criterion distance and subjects’ reproductions of 
the criterion distance were made using a single purpose built box, see figures 3,1 
and 3.2.
light source
30cm
direction of movement
r
30cm
75cm
Figure 3.1. Elevation of the box, used for presenting and reproducing 
criterion distances in Experiment 3.
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EXPERIMENTER
Direction of criterion distance
Figure 3.2. Flan section of the box, used for presenting and reproducing 
criterion distances in Experiment 3.
The box measured (75cm wide x 30cm deep x 30cm high) and was constructed 
of wood. Within the box a false floor was inserted 5cm above the true floor, at 
the rear (experimenter’s position) the gap between the true and false floors was 
left open. A 0.5cm slit ran along the centre of the false floor, from left to right. 
The slit acted as a guide for a pointer, which was operated from the rear by the 
experimenter. The pointer consisted of a handle (11cm x 3cm) which extended 
above the false floor, and could be easily seen and gripped by the subject. Below 
the false floor the handle extended to just above the true floor and was weighted to 
aid perpendicularity. At the rear, below the path of the pointer, a centimetre scale 
was attached to the true floor of the box.
The interior of the box was painted matt black, and illuminated by a 10cm 
fluorescent light. The timing of the light was controlled using a ‘Baeuerle BS782’ 
electronic timer. At the front of the box (the subject’s position) a wooden facing 
was attached to the top of the box, to prevent subjects being ‘blinded’ when the 
light came on.
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Within the box, criterion distances were created by small pivoted gates, 
attached to the underside of the false floor (out of view of the subject). When 
closed, the gates prevented the pointer moving any further along the track.
Procedure
Subjects entered the darkened room and sat centrally in front of the box, at a 
distance of approximately 30 - 40cm from the position of the handle. Subjects 
were told that the task was to remember the position of the pointer within the box. 
The criterion distances used were defined as the distance between the left hand 
wall of the box and the position of the handle along the track. The criterion 
distances used were: 9,5cm, 28.5cm, 42.5cm and 54cm. Subjects were told that 
the handle would be presented either visually or by touch (kinaesthetically). In the 
visual condition the light came on for 1 second, allowing the subject to see the 
position of the handle. In kinaesthetic conditions subjects reached into the box, 
using only their preferred hand, and felt the position of the pointer. Subjects were 
told not to attempt to deliberately measure the position of the pointer, and to 
return their hand to their lap between trials.
Reproductions of the criterion distance directly followed presentation. 
Reproductions were made in the same modality as presentation. In the visual 
response conditions the light within the box came on, and subjects saw the pointer 
move slowly along the track, from left to right. The pointer was moved by the 
experimenter from the rear of the box. Subjects said "stop" when they judged the 
position of the pointer matched the target distance. In kinaesthetic response 
conditions, subjects reached into the box (using only their preferred hand) and 
moved the handle, from a pre determined starting position (see below) to the point 
along the track, where they judged it had previously been. Following each K-K 
trial, the light came on, this helped to prevent dark adaptation on the part of the 
subject. Within both matching conditions subjects were allowed unlimited time to 
respond, and were permitted to make fine adjustments.
Subjects made judgements in three experimental conditions:
1. Extent position information. Following presentation subjects were told to 
move the pointer from a new starting point, along the same "length" as 
represented by the previously presented criterion distance; that is, subjects should 
disregard the location associated with the presented criterion distance and
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reproduce only the extent. Tliis procedure was completed for each of four 
criterion distances. The original criterion distances and accompanying new 
starting points (shown in brackets) were 9.5cm (35cm), 28.5cm (19cm), 42.5cm 
(10cm) and 54cm (7cm). In each case before making the reproduction subjects 
were allowed to line up a marker (a piece of coloured card) with the new starting 
position of the pointer, so as to give a baseline from which judgements could be 
estimated. The new starting positions were pseudo-randomly selected, with 
consideration for the length of the distance to be moved.
2. Location position information. In the location trials subjects were told to move 
the pointer back to the same "spot" as it had previously been in. In this condition 
subjects were told to remember and reproduce the location of the pointer, and 
disregard the extent. Following presentation of the criterion distance the pointer 
was placed at one of four pre determined new starting points. The selection of 
new starting positions was such that with the exception of the shortest criterion 
distance (9.5cm), the amount of movement required by subjects was equal to that 
required in the extent and control conditions, for example, the original criterion 
distance = 28.5cm, new starting point =  19cm, distance to be moved = 9.5cm. 
The new starting points (shown in brackets) for each criterion distance were 9.5cm 
(5cm), 28.5cm (19cm), 42.5cm (14cm) and 54cm (11.5cm).
3. Control condition. Subjects were told to reproduce the previously presented 
criterion distance, but no specific instructions were given concerning the type of 
information to be recalled. All distances were presented and reproduced as the 
length between the left hand wall of the box and the position of the handle.
In both the location and extent position information conditions subjects knew 
the type of infonnation to be recalled prior to the presentation of the criterion 
distance.
Experimental design
A fuUy repeated measures design was used. Subjects completed either all 
visual or aU kinaesthetic judgements first (the order of presentation was counter­
balanced across subjects). In respect to the presentation of position information 
conditions all subjects completed the control conditions first, following which half 
the subjects experienced the extent condition before the location, the order was 
reversed for the remaining subjects. Finally, within each combination of matching
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condition and position information, the order of presentation of the four criterion 
distances was pseudo-random, with the constraint that each criterion distance 
occurred once. Each subject completed a total of 24 judgements: 2 (matching 
condition) x 3 (position information) x 4 (criterion distance).
Results
Treatment of results
Experiment 3 separated location and extent information, and because in 
location conditions the length (or direction) of response must be different to the 
presented distance, it is possible to score judgements made in the location 
condition in relation to either the length of the presented criterion distance, or the 
length of response movement, see figure 3.3.
Original criterion location 
Presented distance ^
Linear track
New Starting point
Figure 3.3. The difference between presented distance and distance moved, in 
location trials.
The main analyses (reported in the section immediately below) are based on 
the length of the presented criterion distance. This form of analysis was used as 
the mean error scores (both A.E and C.E) suggested that when considered in 
relation to presented distance, error in the location condition was marginally closer 
to that found in the control condition, than when error was considered in relation 
to movement distance. This suggests that presented distance may be the salient 
measure in tenns of distance information coding. In addition. Appendix A shows
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Distance moved   i
Subject
the mean error scores and results of analysis of variance, across ail three position 
information conditions, when performance was considered in relation to distance 
moved. Appendix A shows the results of analysis of vaiiance for A.E, C.E, 
absolute percentage and percentage error.
Differences within the location condition as a result of changing the distance 
measure, are reported in the final section
In all analyses subjects’s reproductions of distance were converted to error 
scores (subject’s judgement - target distance). The analysis based on presented 
distance (see below) was performed on absolute and constant error scores.
Analysis based on the length of the presented criterion distance 
Absolute error scores
Tables 3.1 and 3.2 show the mean across subjects absolute error scores, for 
judgements made in all combinations of position information and presented 
criterion distance. Table 3.1 shows the error scores for judgements made within 
the V-V matching condition, and table 3.2 shows the error scores within the K-K 
matching condition.
Table 3.1. Mean across subjects absolute error scores (centimetres) and 
standard deviations, for each combination of position information and 
criterion distance, in the visual matching condition.
CRITERION POSITION INFORMATION (V-V) MeanDISTANCE Control Location Extent
9.5cm 0.79 1.04 4.58 2.14(0.50) (1.23) (2.33) (0.85)
28.5cm 1.54 3.13 4.29 2.99(1.71) (6.58) (4.76) (2.72)
42.5cm 0.67 1.50 7.13 3.10(0.58) (1.98) (6.17) (2.19)
54.0cm 1.63 0.96 12.71 5.10(2.14) (0.86) (15.05) (5.30)
Mean 1.16(0.99)
1.66
(2.47)
7.18
(5.05)
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Table 3.2, Mean across subjects absolute error scores (centimetres) and 
standard deviations, for each combination of position information and 
criterion distance, in the kinaesthetic matching condition.
CRITERION POSITION INFORMATION (K-K) MeanDISTANCE Control Location Extent
9.5cm 1.33 1.04 2.50 1.63(1.30) (1.05) (2.07) (1.13)
28.5cm 2.67 2.04 4.79 3.17(2.38) (1.89) (3.76) (1.27)
42.5cm 2.33 2.29 7.71 4.11(4.58) (2.37) (7.24) (3,64)
54.0cm 2.89 3.17 6.92 4.33(3.55) (4.63) (8.58) (3.49)
Mean 2.31(2.18)
2.14
(1.51)
5.48
(3.63)
A three way analysis of variance (position information (3) x matching 
condition (2) x criterion distance (4)) with repeated measures on all factors, 
indicated a highly significant main effect of position information (F=16.86; 
df=2,22; p <  0.001). When collapsed across modality and criterion distance the 
mean across subjects error scores in the three position information conditions 
were: control = 1.73cm, location = 1.90cm and extent =  6.33cm. Thus, the 
extent condition produced higher errors than the control or location conditions. 
This was confirmed by planned contrasts which compared performance in the 
location and extent conditions to that in the control condition. A significant 
difference was found between only the control and extent conditions: (F ==20.09; 
d f = l , l l ;  p=0.001).
A significant main effect was also found for criterion distance (F=3.82; 
df=3,33; p=0.019). Table 3.3 shows the mean error scores for each criterion 
distance collapsed across position infonnation and matching condition. Table 3.3 
shows that absolute error increased monotonically with criterion distance. Tlie 
same analysis based on absolute proportional error scores also indicated a 
significant main effect of criterion distance (F= 14.46; df=3,33; p < 0.001). The 
absolute proportional error scores for each criterion distance are also shown in 
table 3.3, and indicate that beyond the shortest criterion distance the proportion of
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absolute error to criterion distance changes little. Overall, across the four 
distances error is neither a constant nor an invariant proportion of the criterion 
distance (although table 3.3 suggests that the absolute percentage error was 
relatively stable for all but the shortest distance).
Table 3.3. Mean across subjects absolute error scores (centimetres), at each 
criterion distance and position information condition, collapsed across 
modality.
CRITERION DISTANCE
9.5cm 28.5cm 42.5cm 54.0cm
A.E 1.88 3.08 3.60 4.71
Absolute
%
19.81 10.97 8.48 8.72
No significant interactions were found.
Constant error scores
Tables 3.4 and 3.5 show the mean across subjects constant error scores, for 
judgements made in both visual and kinaesthetic matching conditions and in all 
combinations of position information and criterion distance. Table 3.4 shows the 
error scores for judgements made within the V-V matching condition, and table 
3.5 shows the error scores within the K-K matching condition.
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Table 3.4. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of position information and 
criterion distance, within the visual matching condition.
CRITERION POSITION INFORMATION (V-V) MeanDIST. Control Location Extent
9.5cm 0.38 0.54 3.50 1.47(0,88) (1.54) (3.87) (1.49)
28.5cm 0.63 2.38 2.21 1.74(2.26) (6.92) (6.12) (3.39)
42.5cm 0.08 -1.00 -3.29 -1.40(0.90) (2.30) (9.03) (3.44)
54.0cm -0.54 -0.29 -9.63 -3.49(2.68) (1.29) (17.37) (6.00)
Mean 0.14 0.41 -1.80(0.73) (1.56) (7.24)
Table 3.5. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of position information and 
criterion distance, within the kinaesthetic matching condition.
CRITERION POSITION INFORMATION (K-K) MeanDIST. Control Location Extent
9.5cm 0.83 -0.29 1.75 0.76(1,70) (1.48) (2.78) (1.63)
28.5cm -1.25 -1.29 -0.71 -1.08(3.42) (2.51) (6.21) (2.53)
42.5cm -0.50 -0.12 -2.46 -1.03(5.17) (3.37) (10.52) (4.94)
54.0cm -1.23 -2.33 -2.08 -1.88(4.48) (5.14) (11.00) (4.93)
Mean -0.54 -1.01 -0.87(2.94) (1.77) (5.30)
A three way analysis of variance (position information (3) x matching 
condition (2) x criterion distance (4)) with repeated measures on all factors 
indicated a significant main effect of criterion distance (F=4.14; df=3,33; 
p =0.014). This effect was also significant in the equivalent analysis based on 
(constant) proportional error scores (F= 10.82; df=3,33, p <0.001). Table 3.6 
shows both the mean across subjects constant and constant proportional error
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scores for at each criterion distance. In both cases increasing distance increased 
the negative bias of scores.
Table 3.6. Mean across subjects constant error scores (centimetres) and 
propoitional error scores (%), for each criterion distance collapsed across 
matching condition and position information.
CRITERION DISTANCE
9.5cm 28.5cm 42.5cm 54.0cm
C.E 1.12 0.33 -1.22 -2.68
Constant
%
11,77 1.15 -2.86 -4.97
A significant interaction was found between matching condition and criterion 
distance (F=2.94; df=3,33; p=0.047). Table 3.7 and graph 3.1 show the mean 
error scores at each criterion distance within each matching condition, and 
suggests that the interaction was due to distance affecting judgements in the K-K 
condition, less than judgements in the V-V condition.
Table 3.7. Mean across subjects constant error scores (centimetres), for each 
criterion distance within each matching condition, collapsed across position 
information.
CRITERION MATCHING CONDITION
DISTANCE V-V K-K
9,5cm 1.47 0.76
28.5cm 1,74 -1.08
42.5cm -1.40 -1.03
54.0cm -3.49 -1.88
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Graph 3.1. Mean across subjects constant error scores (centimetres), for each 
criterion distance within each matching condition, collapsed across position 
information.
Comparison of error when scored in terms of distance moved and distance 
presented
Within location trials error can be calculated based on either the distance 
presented, or the distance through which the handle must be moved in order to 
make a correct response, see figure 3.2 (Treatment of results). This difference is 
relevant as it is possible that the distance measure which produces the smallest 
error will indicate the form in which distance information is normally coded. In 
the analyses reported below judgements were compared across three distances 
(9.5cm, 28.5cm and 42.5cm). This was because in the location condition no trial 
required a total movement of 54cm, (see Procedure).
Firstly, to assess whether within the location condition performance varied as 
a result of the type of distance measure used, a series of three way analyses of 
variance (distance measure (2) x matching condition (2) x criterion distance (3)) 
with repeated measures on all factors were carried out for each error measure 
(A.E, C.E, proportional error and absolute proportional error). A significant
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difference between distance measures was found only in relation to absolute 
proportional scores (F=5.54; d f = l , l l ;  p=0,038). The mean across subjects 
absolute proportional error score in the location condition when collapsed across 
criterion distance and matching condition was 8.16% when measured in relation to 
the total presented distance compared to 12.90% when measured in relation to the 
distance moved. (The only other significant effect found in this analysis was 
criterion distance (F=7.29; df=2,22; p =0.004)).
Secondly, in order to investigate 1) whether the location condition differed 
from the each of the other two position information conditions, within each form 
of distance measure, and 2) whether the relationship between location and the 
other position information conditions varied across distance measures, a series of 
three way analyses of variance (position information (3) x criterion distance (3) x 
matching condition (2)) with repeated measures on aU factors were carried out. 
Planned contrasts between location, control and extent conditions indicated that 
when based on absolute error, judgements made within the location condition were 
significantly different from both the control and extent conditions; this was found 
to be true for both presented and moved distance.
Table 3.8. Mean across subjects absolute error scores (centimetres), collapsed 
across distance and matching conditions when based on presented distance.
LOCATION CONTROL EXTENT
PRESENTED DISTANCE 
A.E
1.84 1.56 5.16
Planned contrasts:
Location compared with control (F = 10.43; d f = l , l l ;  p =0.008) 
Location compared with extent (F=19.80; d f = l , l l ;  p=0.001)
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Table 3.9, Mean across subjects absolute error scores (centimetres), collapsed 
across distance and matching conditions when based on distance moved.
LOCATION CONTROL EXTENT
DISTANCE MOVED 
A.E
2.18 1.56 5.16
Planned contrasts:
Location compared with control (F= 11.53; d f = l , l l ;  p =0.006)
Location compared with extent (F=24.04; df =  1,11; p <  0,001)
The same analysis as above, performed on constant error scores, indicated that 
judgements in the location condition did not vary form the control or extent 
conditions, and that this was found for both scores based on both presented 
distance and distance moved.
Table 3.10. Mean across subjects constant error scores (centimetres), 
collapsed across distance and matching conditions when based on presented 
distance.
LOCATION CONTROL EXTENT
PRESENTED DISTANCE 
C.E
0.03 0.03 0.17
Planned contrasts:
Location compared with control (F=0,01; d f = l , l l ;  p=0.912) 
Location compared with extent (F=0.00; d f = l , l l ;  p =0.922)
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Table 3,11. Mean across subjects constant error scores (centimetres), 
collapsed across distance and matching conditions when based on distance 
moved.
LOCATION CONTROL EXTENT
DISTANCE MOVED 
C.E
-0.44 0.03 0.17
Planned contrasts:
Location compared with control (F=0.08; d f = l , l l ;  p = 0.779)
Location compared with extent (F=0.02; d f = l , l l ;  p=0.663)
Thus, tables 3.8 to 3.11 show that the mean across subjects error in the 
location condition (both A.E and C.E) was larger when measured in terms of the 
amount of distance moved. Also, the mean error scores indicated that error in the 
location condition was most similar to the error in the extent and control 
conditions when measured as presented distance.
Discussion
The results of Experiment 3 (based on presented distance) showed that 
reproductions based on extent information were more variable (A.E) than 
reproductions based on location, and that errors made in the location condition 
were similar to those found in the control condition. This suggests that when both 
location and extent were available (the control condition), subjects based 
judgements on location information, a conclusion also reached by Diewert and Roy 
(1978) in relation to only kinaesthetic performance. However, when error was 
analysed in terms of constant error scores no significant differences were found 
between the control, location and extent conditions. Indicating that reproducing 
extent is more variable than reproducing location, but there are no systematic 
differences in the direction of error.
The Introduction outlined two possible explanations for differences in 
reproductions based on location and extent information. The first concerned the 
rehearsability of information; two predictions were made based on this 
explanation. The first stated that when immediate reproduction was used.
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judgements in the location and extent conditions would not differ. This prediction 
was supported only in relation to the directionality of error (C.E). The second 
prediction was that an interaction would be found between matching condition and 
position information, in which V-V location would be more accurate than K-K 
location, and K-K extent would be more accurate than V-V extent conditions. The 
results indicated no such effect. However, an interaction was found between 
matching condition and criterion distance (C.E), in which performance in the K-K 
matching condition was more accurate than in the V-V condition, and altered less 
across distance. This effect is contrary to the ‘rehearsability’ argument, as 
assuming modality specific storage exists, it implies that visual performance 
(presumably based on visually coded information) was less accurate than 
comparable kinaesthetic performance. Thus, although an effect of modality was 
found, this was not consistent with the storage characteristics normally associated 
with visual and kinaesthetic codes (Posner, 1967). Overall, the results suggested 
that modality related differences in the rehearsability of location and extent do not 
provide an adequate explanation for differences between perfoimance based on 
location and extent information.
The second form of explanation proposed for differences in the reproduction 
of location and extent information, concerned the nature of information processed 
in the two conditions; specifically the minimum quantity of information 
remembered and the effect of transposition in the extent condition. It was 
speculated that if distance information was stored in an analogue form, then in the 
extent conditions increasing distance would increase error, but increasing distance 
would have no effect in location conditions. The results (A.E) indicated that 
increasing distance did increase error and that as distance increased error became 
an increasingly large under estimate (C.E). However, no differences in position 
information conditions were found across distance. This therefore suggests that 
differences in the accuracy of location and extent judgements do not arise from 
differences in the "amount" of distance information to be remembered in each 
condition.
Secondly, it was suggested that the effect of transposing distance information 
in the extent conditions may have hindered subjects ability to use a landmark based 
form of information coding. In which case it was predicted that, firstly, 
reproduction of extent will be less accurate/ more variable than reproduction of
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location, and secondly in the location condition error will be smaller when 
considered in relation to the presented distance rather than distance moved. The 
results support the first prediction as judgements in the extent condition clearly 
showed more variability around the actual criterion distance than the location 
condition (A.E), although as reported above the directional accuracy of 
performance was unchanged across location and extent conditions. The second 
prediction was also tentatively supported as it was found that error in the location 
condition was smaller when considered as a result of distance presented rather than 
distance moved, although the difference reached significance only in relation to 
absolute proportional error scores.
It was also found that when judgements in the location condition were 
compared to those in the control and extent conditions, the statistical difference 
between conditions was greatest when error was considered in relation to distance 
moved. This further, suggests that distance information (location and extent) is 
normally coded in terms of the presented distance. Although, it should be 
emphasised that the differences found between location and the extent/control 
conditions, as a result of comparing performance using the two distance measures 
were minimal. However, this was possibly influenced by the use of an 
‘immediate’ recall design, which may have minimised the effects of storage.
Thus, it would be of interest to investigate the effects of presented distance and 
movement distance on the ability to reproduce location when the interval between 
presentation and reproduction was extended.
The results therefore do not prove that subjects used a landmark based means 
of coding distance, which was most adaptive when reproducing location 
information, but the results are generally consistent with this argument; that is, 
distance is normally coded based on the presented information, the end point of 
the distance (location) is referenced in relation to a landmark, regardless of the 
type of information to be reproduced (location or extent). Thus, differences in 
performance between location and extent conditions may have arisen due to the 
differential usefulness of the encoded information, and not due to differences in 
rehearsability.
Overall, the results supported the commonly reported finding that location 
information was more accurately reproduced than extent information, and that 
when both location and extent information were available, performance appeared
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to be based primarily on location information. Only limited evidence was found to 
indicate that difference may be due to the modality in which location and extent 
are encoded. Instead, it may be that differences in the accuracy of location and 
extent are due to the form in which distance information is encoded; that is, ego/ 
geo-centric vs. symbolic distance judgements. The usefulness of coding distance 
in terms of a landmark based (body-centred) framework was further investigated in 
Experiment 4.
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Experiment 4: An investigation of the nature of spatial coding, 
ego centric vs. scaled judgements.
The results of Experiment 3 demonstrated that reproduction of extent was 
significantly more variable (A.E) than reproduction of location, and it was 
suggested that this may have been because, distance information was coded in a 
landmark (ego-centrically) based form. To investigate this. Experiment 4 was 
designed to compare performance on the same basic linear replacement task as 
used in Experiment 3, but when the amount of distance moved to reach the end 
location was varied. This manipulation was made by varying the direction of the 
criterion distance; that is, from left-to-right or right-to-left.
Two alternative models of spatial coding are considered. Firstly, if 
judgements of distance were based on an ego centric form of coding which centred 
on the mid line of the body, two predictions can be made. Firstly, regardless of 
direction of movement, end locations which were closest to the individual would 
be most accurately recalled (Wyke, 1965). Secondly, reproduction of a short 
distance in the left-to-right direction should produce a similar error to a long 
distance in the right-to-left direction, see figure 3.4.
Criterion location
Exo-centric 
left-to-right distance Exo-centric right-to-left distance
Linear track
Ego-centric distancé _
Subject
Figure 3.4, The predicted equivalence of error in long and short criterion 
distances across direction of movement conditions, assuming ego centric 
coding.
Alternatively, if distance is coded in an exo-centric form; for example, the use 
of "scaled judgements", centimetres etc. in which the walls of the box represent
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the origin of the measurement. It would be predicted that criterion distances of the 
same length should have the same error regardless of the direction of movement, 
see figure 3.5.
Left-to-right movement Righi-io-Ieft movement
—«   ► -
Linear irack
Subject
Figure 3.5. Figure showing the predicted equivalence of error for a particular 
criterion distance, across direction of movement conditions, assuming a body 
independent scaled form of distance coding.
Finally, judgements of distance were made using both visual and kinaesthetic 
modalities. The incorporation of both V-V and K-K matching conditions 
performance was a result of the findings of Experiment 3, in which an interaction 
was found between modality and criterion distance. This tentatively suggested that 
information about distance may not coded in the same way across modalities.
Experiment 4 required subjects to complete judgements in two direction of 
movement conditions in which presentation and reproduction of the criterion 
distance were in the same direction, either: left-to-right or right-to-left. Subjects 
completed judgements using both V-V and K-K matcliing conditions, and 
judgements for all combinations of matching condition and direction of movement 
were made at each of four criterion distances.
Method
Subjects
Ten male Army personnel, all members of the ‘trials troop’, based at the 
Army Personnel Research Establishment, Famborough, took part in the 
experiment. Seven subjects were right handed, three subjects were left handed.
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Apparatus
Presentation and reproduction of the criterion distances were made using the 
same box as reported in Experiment 3 (Apparatus).
Procedure
Throughout Experiment 4 the tenns left and right, refer to the subject’s left 
hand side and right hand side respectively. All subjects made kinaesthetic 
responses using only their preferred hand.
Subjects completed both V-V and K-K matching conditions. The presentation 
of visual and kinaesthetic matching conditions was as reported in Experiment 3 
(Procedure). Subjects made judgements in two direction of movement conditions, 
which differed in respect to how the criterion distance was defined. In left-to-right 
trials, subjects remembered and reproduced the length between the left hand wall 
of the box and the position of the pointer. In the right-to-left condition, the 
criterion distance was defined as the space between the right hand wall of the box 
and the position of the pointer. In both direction of movement conditions 
presentation and reproduction were in the same direction on any single trial.
Judgements within each direction of movement condition were made using the 
same four criterion distances as reported in Experiment 3, (9.5cm, 28.5cm,
42.5cm and 54cm).
Experimental design
All subjects completed trials for each combination of direction of movement 
(2), matching condition (2) and criterion distance (4), In order to minimise the 
effects of practice, subjects were assigned to one of two groups. One group 
completed left-to-right judgements before right-to-left, and the other group 
completed the reverse order. The order of presentation of visual and kinaesthetic 
matching conditions was counter balanced within each group; half the subjects in 
each group completed visual trials first. Within each combination of direction of 
movement and matcliing condition, a pseudo random (without replacement) order 
of criterion distances was used.
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Results
Treatment of results
Subjects’ reproductions of the criterion distances were converted to error 
scores (reproduced distance - criterion distance). Three way analyses of variance 
(direction of movement (2) x criterion distance (4) x matching condition (2)) with 
repeated measures on all factors, based on constant, constant proportional and 
absolute proportional error scores Indicated no significant effects. Therefore, only 
absolute error scores are reported in the following section.
In addition to calculating error scores in terms of the criterion distance, an 
ego-centric measure of error was calculated. This measure re calibrated the 
criterion distances (C.D.) in terms of distance from the centre of the box, see 
figure 3.6.
Mid line of box
9.5cm 28.5cm j 42.5cm 54cm
T 1------------ 1----
i5cm9cm ^  Lmear track
^ 16.5cm
Figure 3.6. The calculation of target distances from the mid line of the box.
Ego centric error was calculated using the distance of the target from the mid 
line of the box. All distances were converted to positive values, and error was 
then calculated as an absolute proportion of the distance of the target from the 
centre of the box; that is,
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Judgem ent 
{C.D. -37 .Scm)
To test whether left and right handed subjects differed in their judgements, 
absolute and constant error scores were analysed in a four way analysis of 
variance (direction of movement (2) x criterion distance (4) x matching condition 
(2) X preferred hand (2)) with repeated measures for all factors except preferred 
hand. Neither analysis indicated a significant main effect of preferred hand 
(p=0.742 and p = 0.221, respectively). However, the analysis of constant error 
scores did indicate two significant interactions involving preferred hand. The 
significant effects, and mean error scores relevant to the four way analysis of 
variance, based on constant error scores, incorporating the independent variable of 
preferred hand are shown in appendix B.
However, because the effect of preferred hand was limited to constant error 
scores, and then only in the form of interactions, the analyses reported below have 
been based on mean error scores collapsed across preferred hand.
Absolute error scores
Tables 3.12 and 3.13 show the mean across subjects absolute enor scores for 
judgements made in both direction of movement conditions and aU four criterion 
distances, within the visual and kinaesthetic matching conditions respectively.
Table 3.12 shows the error scores of judgements made in the V-V matcliing 
condition, and table 3.13 shows the error scores of judgements in the K-K 
condition.
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Table 3.12. Mean across subjects absolute error scores (centimetre) and
standard deviations, for eacb combination of direction of movement and
criterion distance, witbin tbe visual matching condition.
CRITERION
DISTANCE
DIRECTION OF MOVEMENT (V-V) Mean
Left-to-right Right-to-left
9.5cm 1.05 2.48 1,76
(0.70) (3.16) (1.50)
28.5cm 1.15 2.70 1.93
(0.92) (3.37) (1.72)
42.5cm 0.70 1.85 1.27
(0.51) (2.40) (1.19)
54.0cm 1.98 1.30 1.64
(1.22) (1.29) (1.19)
Mean 1.22 2.08
(0.63) (1.43)
Table 3.13. Mean across subjects absolute error score (centimetre) and 
standard deviations, for eacb combination of direction of movement and 
criterion distance witbin tbe kinaetbetic matching condition.
CRITERION
DISTANCE
DIRECTION OF MOVEMENT (K-K) Mean
Left-to-right Right-to-left
9.5cm 1.15 2.18 1.66
(0,96) (1.23) (0.78)
28.5cm 1,73 2.28 2.00
(0.98) (1.77) (0.89)
42,5cm 2.53 1.78 2.15
(2.67) (0.99) (1.36)
54.0cm 3.59 1.37 2.48
(2.15) (0.58) (1.15)
Mean 2.25 1.90
(1.14) (0.94)
A three way analysis of variance (direction of movement (2) x matching 
condition (2) x criterion distance (4)) with repeated measures on all factors, 
indicated only two significant effects. Firstly, the interaction between direction of 
movement and matching condition (F=5.44; d f= l,9 ; p=0.045). Table 3.14 
shows the mean across subjects error scores for each direction of movement 
condition in both matching conditions. It indicates that the accuracy of judgements
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depended on the matching condition; that is, V-V performance was most accurate 
in the left-to-right direction, whereas K-K performance was most accurate when 
the criterion distance was defined as extending from right-to-left.
Table 3.14. Mean across subjects absolute error scores (centimetres) for eacb 
combination of direction of criterion distance and matching condition, 
collapsed across criterion distance.
DIRECTION OF 
MOVEMENT
MATCHING CONDITION.
V-V K-K
Left-to-right 1.22 2.25
Right-to-left 2.08 1.90
The second significant interaction was between, direction of movement and 
criterion distance (F=5.47; df=3,27; p =0.005). Table 3.15, graph 3.2 and graph 
3.3 all show the mean across subjects eiTor scores for each combination of 
direction of movement and criterion distance. Table 3.15 indicates that error 
increased with criterion distance in the left-to-right condition, whereas in the right- 
to-left condition error tended to decrease with increasing criterion distance. Graph 
3.2 indicates the difference between left-to-right and right-to-left movement 
directions when perfonnance is compared at the same criterion distances.
However, in Graph 3.3 the x axis represents the actual track on which criterion 
distances were presented and reproduced, and the scale represents the distance of 
the end location of the criterion distance from the left hand wall. When error is 
plotted in this form it can be seen that regardless of direction of movement 
condition, error increased as the end point (location) of the distance to be 
reproduced neared the right hand wall of the box.
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Table 3.15. Mean across subjects absolute error scores (centimetres) for each
criterion distance within both direction of movement conditions, collapsed
across matching condition.
DIRECTION OF 
MOVEMENT
CRITERION DISTANCE
9.5cm 28.5cm 42.5cm 54.0cm
Left-right 1.10 1.44 1.61 2.78
Right-left 2.33 2.49 1.81 1.34
Absolute error (cm)
2.5
1.5
0.5
0 10 20 30 40 50 60
Right-to-left
Left-to-right
Criterion distance (cm)
Graph 3.2. Mean across subjects absolute error scores (centimetres) for each 
criterion distance within both direction of movement conditions, collapsed 
across matching condition.
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Absolute error (cm)
2.5
1.6
0.5
0 2010 30 40 60 60 70
Right-to-left
Left-to-right
Distance from left wall (cm)
Graph 3.3. Diagram showing the mean across subjects absolute error scores 
(centimetres) for each criterion distance, as presented to subjects in relation to 
the position along the track, error is shown for both direction of movement 
conditions, collapsed across matching condition.
Ego-centrically measured error
If subjects judgements of the end location of the criterion were stored in an 
ego centric code, then the further the end location is from the body (the mid-line) 
the greater the error in judgement should be. To test this prediction, error has 
been calculated as a percentage of the distance of the end location of the criterion, 
from the centre of the box.
Tables 3.16 and 3.17 show the mean across subjects absolute error scores for 
judgements made in both direction of movement conditions and all four criterion 
distances, within the visual and kinaesthetic matching conditions. Table 3.16 
shows the error scores of judgements made in the V-V matching condition, and 
table 3.17 shows the error scores of judgements in the K-K condition.
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Table 3.16. Mean across subjects ego-centric error scores (%) and standard 
deviations, for each combination of direction of movement and ego centric 
distance within the visual matching condition (original criterion distances are 
shown in brackets below ego centric distances).
EGO-CENTRIC
DIST.
DIRECTION OF MOVEMENT (V-V) Mean
Left-to-right Right-to-left
28.0cm 3.75 8.84 6.29(9.5cm) (2.48) (11.29) (5.37)
9.0cm 12.78 30.00 21.39
(28.5cm) (10.24) (37.42) (19.08)
5.0cm 14.00 37.00 25.50
(42.5cm) (10.22) (47.91) (23.74)
16.5cm 11.97 7.88 9.92
(54.0cm) (7.37) (7,82) (7.18)
Mean 10.62 20.93
(5.97) (19.45)
Table 3.17. Mean across subjects absolute error scores (%) and standard 
deviations, for each combination of direction of movement and ego centric 
distance within the kinaesthetic matching condition (original criterion 
distances are shown in brackets below ego centric distances).
EGOCENTRIC
DIST.
DIRECTION OF MOVEMENT (K-K) Mean
Left-to-right Right-to-left
28.0cm 4.11 7.77 5.94(9.5cm) (3.42) (4.40) (2.78)
9.0cm 19.71 25.28 22.22
(28.5cm) (10.91) (19.66) (9.89)
5.0cm 50.50 35.50 43.00
(42.5cm) (53.41) (19.78) (27.23)
16.5cm 21.73 8.33 15.03
(54.0cm) (13.02) (3.52) (6.95)
Mean 23,88 19.22
(16.25) (9.88)
A three way analysis of variance (direction of movement (2) x matching 
condition (2) x ego centric distance (4)) with repeated measures on all factors, 
indicated a two significant effects. Firstly, ego-centric distance (F = 18.37; 
df=3,27; p < 0.001). Table 3.18 shows the mean across subjects ego-centric error
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scores at each ego-centric distance collapsed across matching condition and 
direction of movement. Table 3.18 shows that when eiror was calculated as a 
proportion of the distance from the mid-line of the box, subjects were least 
accurate when the distance to the criterion was smallest. Planned contrasts 
between the nearest ego-centric distance (5.00cm) and each of the other distances 
indicated that only error at the two furthest ego centric distances varied from the 
shortest distance.
Planned contrasts:
Ego-centiic distance 28.00cm compared to ego centric distance 5.00cm (F=75.45; 
d f= l,9 ; p<0.001).
Ego centric distance 9.00cm compared to ego-centric distance 5.00cm (F=0.15; 
d f= l,9 ; p=0.700).
Ego-centiic distance 16.50cm compared to ego centric distance 5.00cm (F=20.77; 
d f= l,9 ;p=0 .001).
Table 3.18. Mean across subjects ego-centric error scores (%), at each ego­
centric distance, collapsed across matching condition and direction of 
movement.
28.0cm 9.0cm 5.0cm 16.5cm
EGO-CENTRIC (9.5cm) (28.5cm) (42.5cm) (54.0cm)
ERROR % 6.11 21.80 34.25 12.47
Secondly, an interaction was found between direction of movement x ego­
centric distance (F = 16,81; df=3,27; p=0.001)‘". Table 3.19 shows the mean 
error scores in both direction of movement conditions at each ego centric distance. 
It shows that in both directions error was greatest when the end location of the 
criterion distance was close to the centre of the box, however eiTor in the right-to- 
left direction was generally larger than in the left-to-right condition.
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Table 3.19. Mean across subjects ego-centric error scores (%), for each
combination of direction of movement and ego centric distance collapsed
across matching conditions.
DIRECTION
OF
MOVEMENT
EGO-CENTRIC DISTANCE
28.0cm
(9.5cm)
9.0cm
(28.5cm)
5.0cm
(42,5cm)
16.5cm
(54.0cm)
Left-to-right 3.93 15.97 32.25 16.85
Right-to-left 8.30 27.64 36.25 8.10
No further significant effects were found.
Discussion
In the Introduction it was suggested that comparing performance in left-to-right 
and right-to-left movement directions may provide a means of establishing whether 
information about the criterion distance was coded in an ego centric or exo-centric 
form. When considered across direction of movement conditions, the results 
(A.E) initially appeared to support the predicted effects of ego-centric coding; that 
is, error appeared to be determined by the relative positions of the marker and 
subject rather than the distance of the marker from the starting point. However, 
when performance was analysed in terms of ego centric distance, no evidence was 
found to indicate that locations nearer to the subject, were proportionately more 
accurately recalled than more remote locations, in fact the reverse appeared to be 
tine.
One explanation which appears to be consistent with the findings of 
Experiment 4, was that judgements were affected by the proximity of the end point 
of the criterion distance to the walls of the box; that is, geo centric coding. 
Specifically, the results suggested that the nearer the end point of the criterion 
distance was to the right hand wall, the greater the error. However, this 
explanation requires two assumptions to be made. Firstly, in right-to-left 
movement trials subjects ignored the instructions provided by the experimenter, 
regarding the direction of the criterion distance and secondly, distance information 
was stored in a form, whereby increasing information caused increasing error.
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However, there is no empirical reason to believe that either of these assumptions 
are correct, as if subjects did ignore the instructions given to them, and if error 
increased as a result of distance information it would be in the subject’s interest to 
remember the shortest possible length created by the positioning of the marker 
(criterion distance) irrespective of the actual direction of definition. Thus, across 
distance enor should reflect an inverted ‘U’ shaped pattern, rather than the 
monotonie increase reported in both Experiments 3 and 4.
The alternative prediction outlined in the Introduction was that subjects would 
use an exo-centric form of coding, such as a centimetre scale. The results (A.E) 
clearly did not support this explanation as across direction conditions error varied 
at each criterion distance.
Finally, modality differences in performance were found in relation to 
direction of movement (A.E), which indicated that, V-V performance in the left- 
to-right movement direction was the most accurate condition, and K-K 
performance in the left-to-right movement direction was the least accurate. There 
is no obvious reason why visual perfoimance should be most accurate in the left- 
to-right conditions or why kinaesthetic performance should be more accurate in 
right-to-left conditions. However, the existence of a modality difference does 
suggest that whatever form distance information is coded in, there may be 
different sub-stores/ codes for visual and kinaesthetic modalities.
In relation to models of intra- and cross-modal perfonnance, the findings 
suggest that distance information was not coded either in tenns of a symbolic exo- 
centric scale nor in terms of the distance from the mid-line of the body; although, 
it is conceivable that subjects used some other body dimension as the base line for 
ego-centric judgements, for example shoulder position. The results were 
consistent with an explanation based on geo-centric coding, but this explanation 
has serious shortcomings. Finally, the combined findings of Experiments 3 and 4 
demonstrated that even when using a simple replacement task, altering the 
experimental procedure can create substantial differences in the accuracy of 
performance, both within and between modalities. This supported Freides (1975) 
view that much of the inter-study variability in intra- and cross-modal performance 
may be due methodological variations. These results also support the view 
proposed in the Introduction that the performance of perceptual-motor actions such 
replacement tasks, can be influenced by factors concerning spatial perception
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Chapter Four
An investigation of Coimolly and Jones’s model of intra- and 
cross-modal performance
Within the range of normal everyday activity there is a need for individuals 
not only to be able to make judgements about what can and caimot be achieved 
(their maximum action boundaries), and accurately detect and reproduce 
information witliin a single modality, but also to be able to co-ordinate information 
from different modalities. For this reason the two experiments reported in 
Chapter Four were designed to investigate the relationship between visual and 
kinaesthetic information and particularly the effects of cross-modal performance.
The most widely cited model of intra- and cross-modal performance has been 
that of Connolly and Jones (1970); and it is tliis model which has prompted the 
following experiments. Experiments 5 and 6 employed a linear replacement task 
similar to that used by Connolly and Jones, Experiment 5 was designed to 
investigate the relative accuracy with which judgements based on two forms of 
cross-modal performance could be executed; V-K and K-V performance were 
compared. Experiment 6 was designed to investigate Connolly and Jones’s claim 
that the translation of information between modality specific codes occurred before 
information entered short-term storage.
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Experiment 5: The accuracy of cross-modal judgements, in 
remembering distance: an extension of Coimolly and Jones’s 
(1970) study
Using a linear replacement task, Connolly and Jones (1970) reported an 
‘asymmetry’ between V-K and K-V performance; that is, K-V perfonnance was 
more accurate and less variable than V-K. Coimolly and Jones believed that these 
differences arose due to two factors. Firstly, information was held in short-term 
storage in a form compatible with the response mode; that is, in conditions of V-K 
perfonnance information was maintained in the fonn of a kinaesthetic code, 
whereas in K-V performance information was stored in a visually coded form. 
Secondly, visual short-tenn storage codes were more efficient than kinaesthetic 
codes (based on findings by Posner, 1967). Thus, visually stored information was 
more accurately recalled than comparable kinaestheticaUy stored information.
Jones and Connolly (1970) supported this claim by showing that in the presence of 
a 10 second unfilled interval, K-V performance was more accurate than when the 
reproduction was immediate, whereas V-K performance showed evidence of 
forgetting across the interval.
It should be noted that Jones (1973) later modified tliis explanation, claiming 
that differences in cross-modal performance were due to the nature of kinaesthesis 
processed in the input condition (K-V), compared to the kinaesthesis processed in 
the response condition (V-K) (see Introduction). But, as this has no immediate 
bearing on the current experiment, it wdl not be discussed further.
At best therefore, Connolly and Jones’s model is a comprehensive and 
parsimonious explanation for both intra- and cross-modal performance. However, 
questions have consistently been raised concerning the reliability of the 
experimental findings on which the model was based, and because of the post-hoc 
nature of the model this has had paiticular significance for the model’s validity. 
Experiment 5, was designed to investigate the robustness of the Connolly and 
Jones’s predictions in relation to cross-modal performance (V-K and K-V). Three 
specific issues were investigated. Firstly, the effect of changing the orientation of 
the task from left-to-right to front-to-back. Connolly and Jones’s model claimed 
that differences between cross-modal matching conditions could be accounted for
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exclusively in tenns of 1) infonnation being stored in the fonn of the response 
mode and 2) modality differences in short-tenn storage characteristics. If this 
were correct, then changing the direction of presentation of the task (from left-to- 
right to front-to-back) should have no effect on performance; that is, V-K 
perfonnance should be less accurate and more variable than K-V and only V-K 
perfonnance should show evidence of forgetting across an unfilled interval.
Secondly, both Connolly and Jones (1970) and Jones and Connolly (1970) 
reported no effect of the magnitude of the criterion distance; this is surprising as 
Experiments 1 to 4 have consistently found that distance either in the form of 
distance from the site of action, or distance-to-be-reproduced, has influenced the 
accuracy with which information can be reproduced. One possible reason for 
Connolly and Jones’s failure to find an effect of the criterion distance was that the 
distances they used were relatively short (4,6,8,10 and 12 inches). Tims,
Connolly and Jones’s study may not have been sensitive to the effects of changing 
distance information, and consequently interactions between distance and modality 
may have been overlooked. If this were the case, and if (as found previously) 
distance is significant in influencing the accuracy of reproduction, then a 
modification to Connolly and Jones’s model may be required in order to 
incorporate the effects of distance.
Thirdly, it has already been suggested that subjects’ ability to judge distance 
between themselves and a remote location is not error free (Experiments 1 and 2). 
One factor identified as potentially influencing the judgement of distance has been 
the existence of a power function relating veridical and perceived distance, in 
wliich visually perceived distance is a systematic under estimation of actual 
distance, the ‘visual compression of space’. However, if the effects of visual 
compression of space are combined with Connolly and Jones’s model two clear 
predictions emerge. Firstly, in V-K conditions the initial visual perception of the 
criterion distance will be affected by visual compression, thus subjects will mis­
judge (under-estimate) the criterion distance. This information is then translated to 
a kinaesthetic storage code, and the error initially caused by visual compression 
during presentation, will be reflected in subjects under-estimating the criterion 
distance. Secondly, in K-V matching conditions perception of the criterion is not 
effected by compression and is thus relatively accurate. The information is then 
translated to a visual code, but as visual compression again affects judgements of
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the response, subjects’ will over-estimate the criterion distance.
To investigate these predictions. Experiment 5 required subjects to make 
cross-modal judgements of the position of an object along a track, which extended 
from front-to-back. Judgements were made at each of five criterion distances and 
in two unfilled time interval conditions.
Method
Subjects
Eighteen undergraduate students volunteered to take part in the experiment. 
Apparatus
Presentation and reproduction of the criterion distances were made using a 
purpose built ‘box’ - see figures 4.1 and 4.2. The box measured (152cm long x 
61cm wide x 62cm high) and was constructed of hardboard. A false floor was 
inserted 5cm above the true floor of the box. A slit (0.5cm) ran along the centre 
of the false floor (front to back). The slit acted as a guide for a marker, which 
was operated (pushed or pulled along the length of the box) by the experimenter. 
The marker extended across the width of the box and protruded through a second 
sût cut in the left hand wall, at the level of the false floor, this slit also extended 
the length of the box. A centimetre scale was attached to the outside of the box, 
just below the second slit. This allowed the position of the marker to be read.
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62cm
152cm
61cm
Figure 4.1. Elevation of the box, used for presenting and reproducing 
criterion distances.
EXPERIMENTER
SUBJECT direction of cntenon distance
Figure 4.2. Plan section of the box, including the relative positions of the 
experimenter and subject.
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The interior of the box was painted matt black, and illuminated by a 10cm 
fluorescent bulb. In order to aid subjects detect the position of the marker, and 
increase the face validity of the task, a polystyrene cup was attached to the centre 
of the marker, directly above the central slit. In addition a stopclock and a 
blindfold were used.
Procedure
Subjects sat centrally in front of the box. The experimenter measured each 
subjects’ ‘normal maximum reach’ (N.M.R.). N.M.R. was defined as the greatest 
distance subjects felt they could comfortably reach while in a sitting position, if, 
for example, they wished to pick up a cup. N.M.R. did not therefore necessarily 
equal maximum stretch. N.M.R. was measured by subjects holding a polystyrene 
cup with a marker pen pushed through it’s centre. Subjects used this to mark their 
N.M.R. on a sheet of paper placed in front of them.
Criterion distances were intended to represent the upper limits of subject’s 
N.M.R,. N.M.R was therefore calculated individually for each subject. Five 
criterion distances were used: N.M.R.-lOcm, N.M.R.-7cm, N.M.R.-5cm, N.M.R. 
and N.M.R.+5cm.
Subjects completed trials using either a visual presentation of the criterion 
distance followed by a kinaesthetic reproduction (V-K), or a kinaesthetic 
presentation followed by visual reproduction (K-V). In both conditions the 
experimenter set the criterion distance while the subject was blindfolded. The 
subject was then presented with the criterion distance. In visual conditions 
subjects removed the blindfold and saw the position of the marker and cup 
(indicating the criterion distance). In kinaesthetic conditions subjects continued 
wearing the blindfold and reached into the box to locate the marker (and cup). No 
restriction was placed on the length of time subjects took to ascertain the criterion 
distance. Following presentation there was a delay of either 2 or 10 seconds. 
During the delay, the experimenter moved the marker from the criterion distance 
to the front of the box ready for the subject to make a response. Also, during this 
time the subject changed the position of the blindfold, from on to off, or off to on 
depending on the matching condition.
Visual responses were made by the experimenter moving the marker along the 
length of the box. Subjects said "stop" when they judged the previously presented
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criterion distance had been reached. In kinaesthetic response conditions, subjects 
reached into the box and moved the marker to the position they judged it had 
previously been in. In both cases subjects were told that they were able to make, 
or request that the experimenter make, fine adjustments to the position of the 
marker.
Experimental design
A fully repeated measures design was used; each subject made a total of 40 
judgements, (matching conditions (2) x criterion distances (5) x time delay (2)) x 2 
repetitions. The order of presentation of the matching conditions was counter­
balanced across subjects. The order of presentation of time interval conditions 
was also counter-balanced within matching conditions. For any one subject, the 
presentation of criterion distances was pseudo random (without replacement) for 
each combination of matching condition and time interval. However, the order of 
presentation of criterion distances remained consistent across subjects.
Results
Treatment of results
All analyses in Experiment 5 are based on mean error scores (judged distance - 
criterion distance). For each combination of matching condition, criterion 
distance and time interval, error scores have been collapsed across the two 
repeated trials.
Absolute, constant and variable error scores are reported in the following 
sections. Vaiiable eiTor is "A measure of the variability (standard deviation) of a 
subjects responses around his average C.E" Roy (1976:283).
In addition, a ‘forgetting’ score was calculated for each combination of 
matching condition and criterion distance. This measure represented "The mean 
change in absolute error over the retention interval" Jones and Connolly 
(1970:268). Forgetting scores were calculated as, error in the 10 second delay 
condition minus error in the comparable 2 second delay condition. Thus, a 
negative forgetting score indicated an improvement in the accuracy of judgements 
across time.
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The mean across subjects normal maximum reach (N.M.R) was 69.17cm 
( s d - 12.55).
Absolute error scores
Tables 4.1 and 4.2 show the mean across subjects absolute error scores, in 
each combination of criterion distance and time interval, within matching condition 
(V-K and K-V).
Table 4.1. Mean across subjects absolute error scores (centimetres) and 
standard deviations, for each combination of criterion distance and time 
interval, collapsed across repeated trials, within the visual-kinaesthetic 
matching condition.
CRITERION
DISTANCE
VISUAL-KINAESTHETIC Mean
2 sec. 10 sec.
-10cm 10.00 11.15 10.57
(6.53) (7.61) (6.62)
-7cm 12.76 12.43 12.59
(7.19) (7.91) (7.05)
-5cm 11.44 12.15 11.79
(7.40) (7.64) (7.39)
0cm 11.69 13.15 12.42
(6.84) (7.53) (6.74)
-l-5cm 13.36 14.37 13.86
(7.58) (9.37) (8.20)
Mean 11.58 12.65
(6.67) (7.73)
Legend
Criterion distance:
-10cm = Normal maximum reach - 10cm
-7cm =  Normal maximum reach - 7cm
-5cm =  Normal maximum reach - 5cm
0cm =  Normal maximum reach
+5cm = Normal maximum reach + 5cm
Time intervals:
2 sec =  Two second uuAlled delay between presentation and recall
10 sec =  Ten second unfilled delay between presentation and recall
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Table 4.2. Mean across subjects absolute error scores (centimetres) and 
standard deviations, for each combination of criterion distance and time 
interval, collapsed across repeated trials, within the kinaesthetic-visual 
matching condition.
CRITERION
DISTANCE
KINAESTHETIC VISUAL Mean
2 sec. 10 sec.
-10cm 4.79 6.66 5.72
(2.84) (4.85) (3.54)
-7cm 5.52 6.77 6.15
(2.86) (5.55) (3.89)
-5cm 5.41 6.97 6.19
(3.77) (5.74) (4.23)
0cm 5.97 7.47 6.72
(4.60) (6.11) (5.06)
+5cm 8.43 6.95 7.69
(5.49) (5.90) (5.40)
Mean 6,03 6.96
(3.32) (5.12)
Legend, see table 4.1.
A three way analysis of variance (matching condition (2) x time interval (2) x 
criterion distance (5)) with repeated measures on all factors indicated a significant 
main effect of matching condition (F = 13.79; df= l,17; p =0.002). The mean 
across subjects error collapsed across all factors was 12.24cm in the V-K 
condition, as opposed to 6.49cm in the K-V condition.
A significant main effect was also found for criterion distance (F=6.45; 
df=4,68; p < 0.001). Table 4.3 shows the mean absolute error scores for each 
criterion distance, collapsed across matching condition and time interval. It can be 
seen that increasing the criterion distance lead to a general increase in absolute 
error. However, analysis of absolute proportional error scores indicated no 
significant main effect of distance (p=0.299) suggesting that absolute error may be 
a constant proportion of criterion distance.
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Table 4.3. Mean across subjects absolute error scores (centimetres), for each
criterion distance collapsed across matching condition and time interval.
CRITERION
DISTANCE -10cm -7cm -5cm 0cm +5cm
A.E 8.14 9.37 8.99 9.57 10.77
A single significant interaction was found between, time interval and criterion 
distance (F=2.58; df=4,68; p =0.045). Table 4.4 indicates that with the 
exception of performance at the furthest criterion distance (4-5cm) performance 
was most accurate in the 2 second interval condition. Although, perfonnance in 
the 2 second interval condition showed greater variation across criterion distance, 
than performance in the 10 second condition. Within both time interval conditions 
the smallest error was found at the nearest criterion distance (-10cm), and the 
largest error at the furthest criterion distance (-b5cm).
Table 4.4. Mean across subjects absolute error scores (centimetres), for each 
combination of criterion distance and time interval collapsed across matching 
conditions.
TIME
INTERVAL
CRITERION DISTANCE
-10cm -7cm -5cm 0cm 4  5cm
2 sec 7.39 9.14 8.42 8.83 10.89
10 sec 8.90 9.60 9.56 10.31 10.66
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Constant error scores
Tables 4.5, 4.6 and graph 4.1 show the constant error scores for judgements 
made in each combination of matching condition, criterion distance and time 
interval.
Table 4.5. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of criterion distance and time 
interval, collapsed across repeated trials, within the visual-kinaesthetic 
matching condition.
CRITERION
DISTANCE
VISUAL-KINAESTHETIC Mean
2 sec. 10 sec.
-10cm -9.47 -9.46 -9.47
(7.31) (9.74) (8.09)
-7cm -12.32 -11.43 -11.87
(7.96) (9.37) (8.27)
-5cm -10.56 -10.81 -10.69
(8.69) (9.52) (8.96)
0cm -10.94 -11.51 -11.22
(8.05) (9.97) (8.68)
+5cm -12.33 -13.43 -12.88
(9.24) (10.75) (9.72)
Mean -11.12 -11.32
(7.86) (9.63)
Legend, see table 4.1
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Table 4.6. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of criterion distance and time 
interval, collapsed across repeated trials, within the kinaesthetic-visual 
matching condition.
CRITERION
DISTANCE
KINAESTHETIC-VISUAL Mean
2 sec. 10 sec.
-10cm 1.76 4.19 2.97
(5.39) (7.20) (5.88)
-7cm 2.72 3.97 3.34
(5.71) (7.92) (6.57)
-5cm 2.61 4.13 3.37
(6.17) (8.14) (6.81)
0cm 3.00 4.30 3.65
(7.02) (8.76) (7.63)
+Scm 4.73 3.06 3.89
(9.03) (8.72) (8.54)
Mean 2.96 3.93
(6.20) (7.76)
Legend, see table 4.1.
Constant error (cm)
-6
0 5-7 -5-10
—^  K-V 2 sec. 
—I— K-V  10 sec. 
V-K  2 sec. 
V-K  10 sec.
Criterion distance (N.M.R)
Graph 4.1. Mean across subjects constant error scores (centimetres), for each 
combination of matching condition, criterion distance and time interval.
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Using constant error scores a three way analysis of variance (matching 
condition (2) x criterion distance (5) x time interval (2)) with repeated measures on 
all factors, indicated a highly significant main effect of matching condition 
(F=25.14; df= l,17; p<0.001). The cause of this effect can be seen in graph 
4.1, where not only was there a directional difference found between matching 
conditions (V-K = under-estimation and K-V = over-estimation), but also a 
difference in the size of error. Mean error in the V-K condition was -11.25cm, as 
opposed to 3,44cm in the K-V condition.
A significant two-way interaction was found between, matching condition and 
criterion distance (F=4.79; df=4,68; p =0.002). Table 4.7 and graph 4.2 show 
the mean across subjects constant error scores, for each combination of matching 
condition and criterion distance. In addition to showing the directional and size 
difference between the mean errors in the two matching conditions, table 4.7 
shows that as criterion distance increased the mean error in both matching 
conditions became increasingly large, although more markedly so in the V-K 
matching condition. Graph 4.2 shows that the difference between performance in 
the two matching conditions was least at the shortest criterion distance, and 
greatest at the furthest distance, and that error in the K-V matching condition was 
relatively stable across all criterion distances.
Table 4.7. Mean across subjects constant error scores (centimetres), for each 
combination of criterion distance and matching condition collapsed across time 
interval.
MATCHING
COND,
CRITERION DISTANCE
-10cm -7cm -5cm 0cm 4 Scm
V-K -9.46 -11.87 -10.37 -11.22 -12.88
K-V 2.87 3.34 3.37 3,65 3.89
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Constant error (cm)
5
0
-5
- 1 0
-1 5 5 0 5-10 -7
K-V
V-K
Criterion distance (N.M.R)
Graph 4.2. Mean across subjects constant error scores (centimetres), for each 
combination of criterion distance and matching condition collapsed across time 
interval.
Finally, an interaction was found between, time interval and criterion distance 
(F=3.42; df=4,68; p —0.013). Table 4.8 and graph 4.3 show the mean across 
subjects constant error scores, for each time interval condition and criterion 
distance collapsed across matching condition. It can be seen that witli the 
exception of the furthest distance under estimation was greatest when the shorter 
time interval was imposed (2 seconds). Also within the 2 second condition 
increasing criterion distance above -5cm had no effect on error. Within the 10 
second delay condition changing criterion distance appeared to increase the amount 
of under-estimation.
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Table 4.8, Mean across subjects constant error scores (centimetres), for each
combination of criterion distance and time interval collapsed across matching
condition.
TIME
INTERVAL
CRITERION DISTANCE
-10cm -7cm -5cm 0cm +5cm
2 sec -3.85 -4.79 -3.97 -3.97 -3.80
10 sec -2,63 -3.73 -3.02 -3.60 -5.18
Constant error
-2
“3
-4
-6 -10 -7 -5 0 5
10 second  
2 second
Criterion distance (N.M.R)
Graph 4.3. Mean across subjects constant error scores (centimetres), for each 
combination of criterion distance and time interval collapsed across matching 
condition.
No further significant effects were found.
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Variable error score
Connolly and Jones original model was based on absolute and variable enor 
scores. To obtain variable error scores Connolly and Jones calculated error across 
two repeated trials, which is an insufficient number of trials on which to base a 
measure of standard deviation. However, as one of the central aims of 
Experiment 5 was to investigate the robustness of Connolly and Jones findings 
across differing task requirements, this method of generating variable error scores 
has been replicated. The variable enor scores for judgements made in Experiment 
5 are reported below. Table 4.9 shows the mean across subjects variable error 
scores for each combination of time interval and criterion distance in the visual- 
kinaesthetic matching condition. Table 4.10 shows the mean across subjects 
variable error scores for each combination of time interval and criterion distance 
in the kinaesthetic-visual matching condition.
Table 4.9. Mean across subjects variable error scores (centimetres) for each 
combination of time interval and criterion distance within the V-K matching 
condition.
CRITERION
DISTANCE
VISUAl^KINAESTHEllC Mean
2 sec. 10 sec.
-10cm 3.46 2.77 3.11
(3,81) (2.19) (2.04)
-7cm 3.89 3,08 3.49
(3.60) (1.91) (2.13)
-5cm 2.73 2.77 2.75
(2.00) (1.49) (1.46)
0cm 3.54 2.42 2.98
(2.08) (2.39) (1.40)
+5cm 3.73 3.12 3.43
(2.50) (2.26) (1.90)
Mean 3.47 2,83
(1.74) (1.11)
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Table 4.10. Mean across subjects variable error scores (centimetres) for each
combination of time interval and criterion distance within the K-V matching
condition.
CRITERION
DISTANCE
KINAESTHETIC-VISUAL Mean
2 sec. 10 sec.
-10cm 3.18 2.16 2.67
(2.99) (2.28) (1.79)
-7cm 4.36 3.89 4.12
(4.36) (3.75) (3.00)
-5cm 3.46 2.47 2.97
(3.85) (1.64) (1.82)
0cm 3.26 2.59 2.93
(2.38) (1.97) (1.55)
+5cm 3.40 3.20 3.30
(3.32) (2.04) (2.00)
Mean 3.53 2.86
(2.10) (1.07)
Using variable error scores a three way analysis of variance (matching 
condition (2) x criterion distance (5) x time interval (2)) with repeated measures on 
all factors, indicated no significant effects.
Forgetting score
Jones and Connolly (1970) used a ‘forgetting score’ to demonstrate the visual 
short-term storage system could act as a rehearsal mechanism. The forgetting 
score was calculated as the difference between performance in the two time 
interval conditions, based on A.E scores. Table 4.11 shows the mean across 
subjects forgetting score for each combination matching condition and criterion 
distance, A negative score indicated an improvement in performance across time.
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Table 4.11. Mean across subjects forgetting score (centimetres) and standard
deviation, for each combination of matching condition and criterion distance.
CRITERION
DISTANCE
MATCHING CONDITION Mean
V-K K-V
-10cm 1,16 1.88 1.52
(5.11) (3.63) (3.36)
-7cm -0.33 1.25 0.46
(5.46) (4.19) (3.78)
-5cm 0.71 1.56 1.13
(2.84) (4.78) (2.94)
0cm 1.46 1.50 1.48
(5.01) (3.83) (3.30)
+5cm 1.01 -1.47 -0.23
(4.62) (3.64) (2.81)
Mean 0.80 0.94
(3.73) (2.81)
A two way analysis of variance (matching condition (2) x criterion distance 
(5)) with repeated measures on all factors indicated no significant effect of 
matching condition (p=0.875). A single significant effect was found for criterion 
distance (F=2.58; df=4,68; p =0.045). Table 4.11 shows the mean error scores 
at each criterion distance when collapsed across matching condition, and indicates 
that ‘forgetting’ occuiTed at aU distances except the furthest distance (+5cm), and 
across the other four criterion distances the amount of forgetting was smallest 
when the criterion distance represented N.M.R. -7cm.
Discussion
Experiment 5 was designed to investigate the robustness of Connolly and 
Jones’s model, by altering the conditions under which subjects completed the task. 
The fii'st change to the task concerned the orientation of the criterion distance 
relative to the subject; that is, the criterion was presented as extending from front- 
to-back rather than left-to-right. If, Connolly and Jones’s model had been correct 
this change would be expected to have no effect on performance; that is, K-V 
performance would sttU be expected to be more accurate (A.E) and less variable
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than K-V perfonnance. The results of Experiment 5 appeared to support this 
prediction, in as far as a significant difference was found between matching 
conditions, in which K-V performance produced smaller absolute error scores than 
V-K performance. This finding was therefore consistent with Connolly and 
Jones’s claim that infonnation is stored in the fonn of the response mode, and that 
visual codes are more efficient than kinaesthetic codes. However, no difference 
was found between the variability of scores in the V-K and K-V matching 
conditions. This was contrary to Connolly and Jones’s findings and does not 
support their claim of cross-modal asymmetry. In addition, Jones and Connolly 
claimed that because visual information was stored more efficiently across time 
than kinaesthetic information, K-V judgements would show an improvement in 
accuracy across an unfilled interval, whereas V-K judgements would show 
forgetting. No evidence was found to support this claim.
The second change made to the task, concerned the length of the criterion 
distances. It was suggested in the Introduction, that the null effect of distance 
reported by Comiolly and Jones may have been due to the relatively restricted 
range of distances used. Experiment 5 considerably increased the length of the 
criterion distances, and found not only an effect of distance (A.E) in which 
increasing the length of the criterion increased the size of error, but also an 
interaction between matching condition and distance (C.E) in which K-V 
judgements were more stable across distance than V-K judgements. This effect 
can be interpreted as supporting Comiolly and Jones’s claim that information was 
stored in the form of the response mode and that visual information was more 
efficiently stored than kinaesthetic information. In addition, the accuracy of 
judgements made at each criterion distance were found to change across time (A.E 
and C.E); that is, as the unfilled time interval increased, error became larger when 
based on absolute error scores, and smaller when based on constant error scores. 
This suggested a change in the across subject variability of judgements as a result 
of altering the time inteival.
Finally, in the Introduction two specific predictions concerning the 
directionality of error were made. The first was that due to the combined effects 
of visual compression of space and short-tenn storage in the fonn of the response 
mode, in conditions of V-K performance subjects would under estimate the 
criterion distance, whereas in K-V conditions over-estimation would be expected.
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The results (C.E) clearly supported both these predictions, as a consistent 
directional difference was found between error in V-K and K-V conditions. This 
therefore supported the view that visual judgements of distance are under-estimated 
(at least when the distance extends from front-to-back), and that information is 
stored (short-term) in the form of the response mode.
Overall, evidence consistent with Connolly and Jones’s model was found; that 
is, the difference between cross-modal matching conditions was as predicted by 
Connolly and Jones, and the directional differences were consistent with what may 
be expected within the model (despite the fact that Connolly and Jones never 
reported constant error scores). The effect of distance confirmed previous findings 
(Experiments 1 to 4), which showed that distance was an impoitant factor in 
determining the accuracy of judgements. This suggested that the procedure used 
by Connolly and Jones’s may have been insensitive to the effects of distance, 
possibly because of the small range of distances used. However, the fact that 
distance not only affected judgements, but interacted with matching conditions, 
suggested that a more robust form of Connolly and Jones’s model may be attained 
by incorporating the effects of distance.
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Experiment 6: the effect of delaying knowledge of the response 
method, in intra- and cross-modal performance
In order to account for both intra- and cross-modal differences in performance, 
Connolly and Jones made the post-hoc proposal that information was translated 
between modality specific stores prior to entering short-tenn storage, Jones and 
Connolly (1970) claimed to demonstrate experimental support for this proposal, by 
showing that in the presence of an unfilled interval, K-V performance became 
more accurate, whilst V-K perfonnance became less accurate. Jones and Connolly 
claimed this supported their view that performance reflected the characteristics of 
the response mode, implying that infonnation was translated and stored in the 
fonn of the response mode (see Experiment 5).
A further test of whether information is translated prior to entering short-tenn 
storage, is to investigate the effects of withholding knowledge of the response 
method. Jones and Connolly never actually did this, but hypothesised that if 
knowledge of the response mode was withheld then "Cross-modal performance 
should exhibit the memory characteristics of the input system" (Jones and 
Connolly, 1970:269). This effect was predicted as Connolly and Jones considered 
that delaying knowledge of the response method, delays translation, and therefore 
the primary influence on performance would be the input mode. Experiment 6 
investigated this hypothesis experimentally, and compared performance when 
subjects knew the response method prior to presentation of the criterion distance 
with performance when knowledge of the response method was withheld until just 
before reproduction. If Jones and Connolly were correct, two specific predictions 
can be made. Firstly, when knowledge of the response mode is withheld, V-K 
judgements should reflect the characteristics of the input mode (visual), whereas 
K-V judgements should reflect the characteristics of the kinaesthetic storage code. 
Thus, the nonnal relationship between cross-modal conditions should be reversed, 
and K-V performance should be more accurate than V-K. Secondly, if when 
knowledge of the response mode is delayed, infonnation was maintained in the 
form of the input mode, then V-K (withheld) performance should be similar to K- 
V performance when infonnation about the response mode had not been withheld. 
This is predicted as in both these conditions it should be the characteristics of the
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visual storage code which influences perfonnance. Similarly, in K-V conditions 
when knowledge of the response mode was withheld, perfonnance should be 
similar to that found in V-K conditions when information was not withheld. 
However, because Jones and Connolly did not specify how infonnation could be 
maintained in a pre-translation form, nor what effect this unspecified store may 
have on performance, the precise extent to which cross-modal conditions would be 
expected to resemble each other across withheld and not withheld information 
conditions, is uncertain.
In addition to the two predictions given above, which stem directly from Jones 
and Connolly’s hypothesis, a third prediction, also based on Connolly and Jones’s 
model, but never actually proposed by them, is that "If translation normally 
occurs at the beginning of the retention interval, and both visual and kinaesthetic 
codes are rehearsable, delaying knowledge of the reproduction modality until the 
end of the retention interval should create a conflict for rehearsal and thus a 
decrement in reproduction performance" (Newell, Shapiro and Carlton, 1979:87). 
Newell, Shapiro and Carlton made this prediction as they believed that if Connolly 
and Jones had been correct, and knowledge of the response method was withheld, 
translation would not be able to occur, and if tianslation could not occur, 
information could not enter short-term storage, thus reproduction across all four 
matching conditions would be expected to be poor relative to conditions m which 
subjects knew the response mode prior to presentation of the criterion distance.
To investigate this claim Newell, Shapiro and Carlton carried out their own study 
into the effects of delaying knowledge of the response method. Their results failed 
to indicate an effect of delaying knowledge of the response method. From which 
Newell et al. therefore concluded that their results were in direct contrast to the 
expectations of Connolly and Jones’s model. However, it is possible that Newell 
et al.’s failure to find an effect of delaying knowledge of the response method was 
influenced by the fact that only two possible responses were used (V and K).
There are two possible strategies which may have allowed subjects to 
compensate for the lack of information about the required response. Firstly, 
subjects ‘hedged-their-bets’ and created and maintained short-term storage codes 
for both possible response options. Posner (1973) recognised the possibility that 
multiple storage codes may exist simultaneously. Secondly, subjects guessed the 
response mode on the basis that they had a 50% chance of being correct for each
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trial. If this were the case, then subjects could have presumably used the same 
strategy as in full infonnation conditions; that is, translating infonnation prior to 
short-term storage. If this were the case, an overall decrease in accuracy would 
be expected relative to the full infonnation conditions, as for each trial subjects 
had a 50% chance of guessing wrongly. But, crucially in relation to Newell et 
al.’s findings, guessing the response method subjects may have moderated the 
effect of delaying knowledge of results sufficiently to produce a null effect.
In order to investigate whether Newell et al.’s results were influenced by the 
use of only two response methods. Experiment 6 used the same basic procedure as 
Newell et al. but increased to five the number of possible responses. The purpose 
of this was to increase the number of response codes, and thus reduce the 
probability that subjects would be able to either maintain sufficient post-translation 
short-term storage codes for each possible response or correctly pre-guess the 
response, thereby increasing the likelihood that any effects of delaying knowledge 
of results would be reflected in performance.
The five response methods used in Experiment 6 included the two responses 
used by Newell et al., visual (V) and kinaesthetic (K), as well as a kinaesthetic 
condition where the response was passive, and two kinaesthetic responses (one 
active, one passive) where subjects rotated through 90 degrees before responding. 
Thus, four of the five responses were kinaesthetically based, and it may be argued 
that if information is stored in either a visual or a kinaesthetic code. Experiment 6 
does not achieve the aim of increasing the number of response codes compared to 
that used by Newell et al.. However, there is evidence that not all forms of 
kinaesthetic information are necessarily equally accurate, and therefore possibly 
not stored in the same form. Gibson (1962) claimed that a distinction should be 
made between active and passive touch, as performance (object recognition) based 
on active exploration was significantly more accurate than passive contact. 
Martenuik (1973) also argued that information arising from active and passive 
movements was processed differently. He found that active movement cues were 
more accurately recalled than passive movement cues, and attributed this to the 
exactness with wliich the respective cues (codes) were represented within a central 
processing capacity. Given this there may be at least three storage codes: visual, 
active kinaesthetic and passive kinaesthetic. The inclusion of the changed 
orientation condition was influenced by the results of Experiments 3 and 4, where
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it was proposed that information about distance can be coded either in terms of 
body-related dimensions (ego-centric) or body-independent dimensions (exo- 
centric) (Paillard; 1982). Thus, it is possible that within the kinaesthetic modality 
there are separate codes for exo- and ego-centric information. In relation to 
Experiment 6 it was hypothesised that in the rotation conditions, subjects would 
rely on ego-centrically coded information, as despite the change in body position, 
the relationship between the end location of the criterion distance and the body 
remained constant, but other body independent ‘landmarks’ such as the walls of 
the box were no longer present. Therefore, information coded in terms of body 
independent features may be less useful in aiding distance judgements. Thus, 
although four of the five response methods related to kinaesthetic performance it 
may be the case that up to seven separate codes can be used to hold distance 
information (visual, kinaesthetic active, kinaesthetic passive, ego centric active, 
ego centric passive, exo-centric active and exo-centric passive) of which 
Experiment 6 required the use of five.
Although, an alternative prediction may be that because four of the five 
response methods were kinaesthetically based, it would be most adaptive for 
subjects to always maintain information in a kinaesthetic form. If this were the 
case, visual response conditions should be most disrupted by withholding 
knowledge of the response.
Therefore, in addition to the three predictions made above, Experiment 6 was 
designed to investigate two further possible outcomes. Firstly, if in the presence 
of five possible response methods performance was found to become worse when 
knowledge of the response mode was withheld, this would broadly support 
Connolly and Jones model, and suggest that in Newell’s study subjects may have 
been able to compensate for the lack of information about the response method, by 
either pre-guessing the response method or maintaining multiple post-translation 
codes. If, subjects pre-guessed the response method, then increasing the number 
of response methods/codes would be expected to result in a decrease in accuracy, 
relative to Newell et al.’s findings. Whereas, if accuracy is maintained this would 
suggest that multiple translations may be a more likely explanation for the lack of 
eifect of withholding knowledge of the response method. Secondly, if no change 
in performance is found as a result of delaying knowledge of the response mode 
this would support Newell et al.’s findings, and challenge Connolly and Jones’s
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claim that translation necessarily precedes short-term storage.
In order to investigate the predictions and outcomes outlined above,
Experiment 6 required subjects to make judgements using two input modes (V and 
K) and five methods of response; for each matching condition judgements were 
made at two criterion distances (20cm and 40cm). A judgement for each 
combination of criterion distance and matching condition was made in each of 
three knowledge of response method conditions: 1) subjects knew the response 
method before being presented with the criterion distance, 2) subjects knew the 
required response method immediately after being presented with the criterion 
distance and 3) subjects did not know the required response method until 
immediately prior to making the response.
Method
Subjects
Twenty six undergraduate students from the University of Surrey volunteered 
to take part. However due to missing data, the number of subjects included in 
each of the analyses reported in the Results section varied. The actual number of 
subjects per analysis is indicated at the start of each analysis.
Apparatus
The presentation of the criterion distance and subjects’ reproductions of the 
criterion distance were made using the same puipose buUt box as reported in 
Experiment 3 (Apparatus). Additional apparatus included a stop clock and felt 
marker pen.
Procedure
Subjects completed trials in tlu*ee separate expeiimental sessions, one 
experimental session per instruction time condition. The procedure for presenting 
and reproducing the criterion distances was based on the same procedure described 
in Experiment 3 (Procedure). However, in the current experiment subjects made 
cross-modal judgements in addition to intra-modal judgements.
In both visual and kinaesthetic input conditions a 10 second unfilled interval
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followed presentation. During this time subjects were told to do nothing, except 
remember the distance indicated by the maiker. The experimenter told subjects 
when the 10 seconds had elapsed. The subject reproduced the criterion distance 
using the appropriate response method. The correct response method for each trial 
was indicated by the experimenter (see below). Subjects were allowed unlimited 
time to make their response, and were permitted to make fine adjustments.
Response methods
Each response method was explained to the subject at the start of the first 
session. Subjects were reminded of the procedure for completing each response 
method at the start of each subsequent session. The five response methods are 
described below.
1. Visual. The light came on, and subjects watched as the experimenter moved 
the handle from left to right along the length of the slit. Subjects said "stop" 
when the handle reached the position which they believed matched the criterion 
distance.
2. Kinaesthetic active. With the light extinguished, subjects reached into the box, 
and moved the marker to the position which they believed matched the criterion 
distance.
3. Kinaesthetic passive. In darkness subjects held the marker while the 
experimenter moved their hand along the length of the criterion distance. Subjects 
said "stop" when they believed the position of the marker matched the criterion 
distance.
4. Ego centric active. In darkness, subjects turned through 90 degrees, and drew 
a line on a sheet of paper placed at an ego centric distance of approximately 35cm. 
Subjects drew a line which they judged to be the same length as the criterion 
distance.
5. Ego-centric passive. The same procedure was used as above, except subjects 
held the felt marker pen, and the experimenter moved the subjects hand (stUl 
holding the pen), until the subject said "stop".
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Instruction time
Three instniction time conditions were used: early, middle and late. In each 
experimental session subjects completed trials using only one instruction time 
condition. Subjects were told at the start of each session which instruction thne 
would be used.
1. Eaiiy - Subjects were told the requiied response method prior to presentation 
of the criterion distance.
2. Middle - Subjects were told the required response method immediately after 
presentation of the criterion distance.
3. Late - Subjects were told the required response method just before making the 
response.
Experimental design
In order to minimise the effects of practice, subjects were assigned to one of 
three groups (A, B or C). The order of presentation of instruction time conditions 
was varied within each group. Depending on the group, subjects either completed 
all visual input conditions first, all kinaesthetic input conditions or an alternating 
pattern of visual and kinaesthetic inputs. Table 4.12 shows the instruction thne 
used by each group in each session and the type of presentation completed first.
Table 4.12. The order of presentation of instruction time conditions and input 
mode used first.
EXPERIMENTAL SESSION
1 2 3
Group A Early & Visual
Middle & 
Kinaesthetic
Late & 
Alternate
Group B Late & Kinaesthetic
Early & 
Alternate
Middle & 
Visual
Group C Middle & Alternate
Late & 
Visual
Early & 
Kinaesthetic
The order of presentation of response methods and criterion distances was 
pseudo-random (without replacement), but remamed consistent across sessions 
witliin each group. Each subject completed 60 trials, consistmg of perceptual 
mput (2) X response mode (5) x instruction time (3) x criterion distance (2).
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Results
Treatment of results
In all trials subjects’ reproductions of criterion distances were converted to 
error scores (reproduced distance - criterion distance). In order to investigate the 
particular predictions arising from Jones and Connolly’s and Newell, Shapiro and 
Carlton papers the data has been analysed in two separate analyses. Firstly, the 
data was analysed to see if it supported Jones and Connolly’s hypothesised effect 
of delaying knowledge of the response method. Secondly, a sub set of the data 
was analysed consisting of only the four matching conditions used by Newell et 
al.. A discussion of results follows each of these analyses, and a more general 
discussion of the findings is contained in a separate Discussion section.
In addition to the two analysis described above, two further analyses were also 
carried out. These concerned the effect of altering the type of response method, 
firstly the data was analysed across all kinaesthetic response conditions and 
secondly an analysis was carried out which all five possible responses conditions. 
The mean error scores, results of analysis of variance and discussion of results for 
each of these analyses are contained within appendixes C and D, respectively.
Analysis One. An investigation of Jones and Connolly’s prediction concerning 
delaying knowledge of the response method: a comparison of performance in 
early and late cross-modal conditions
Throughout Analysis One, «=25.
Jones and Connolly (1970) predicted that if knowledge of the response method 
was withheld, then performance would reflect the characteristics of the input mode 
rather than the response method. Two predictions follow from this assertion:
1. V-K performance in the late instruction time condition should not be 
significantly different to K-V performance in the early instruction time condition.
2. K-V late performance would be equivalent to V-K early.
I l l
Absolute error
Table 4.13 shows the mean across subjects absolute error scores, in the early 
and late instruction time conditions, within both cross-modal matching conditions.
Table 4.13. Mean across subjects absolute error scores (centimetres), for each 
combination of V-K and K-V matching condition and criterion distance in the 
early and late instruction time conditions.
MATCHING
COND.
C D . INSTRUCTION TIME Mean
Early Late
V-K 20cm 2.52 1.47 2.67
(2.36) (1.29) (1.21)
40cm 3.30 3.38
(2.50) (2.96)
K-V 20cm 2.28 1.42 2.09
(2.22) (1.20) (1.02)
40cm 2.68 1.98
(2.45) (2.27)
Mean 2.69 2.06
(1.16) (1.20)
A three way analysis of variance (instruction time (2) x matching condition (2) 
X criterion distance (2)) with repeated measures on all factors indicated no 
significant interaction between instruction time and matching condition (p= 0.538). 
Significant effects were found for: matching condition (F=5.22; df= l,24; 
p=0.031), instruction time (F=4,32; df=l,24; p=0.048) and criterion distance 
(F=5.29; df= l,24; p=0.031). Mean across subjects enor scores for the main 
effects of instruction time and matcliing condition are shown in table 4.13 and 
indicate that judgements were most accurate in the K-V matching condition, and in 
respect to instmction time performance in the late condition was more accurate 
than in the early condition. In addition, performance was more accurate when the 
criterion distance was short. The mean across subjects error when reproducing the 
20cm criterion distance was 1.92cm, and 2.83cm when reproducing the 40cm 
criterion distance.
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Constant error scores
Table 4.14 shows the mean across subjects constant error scores, in the early 
and late instruction time conditions, within both cross-modal matching conditions.
Table 4.14, Mean across subjects constant error scores (centimetres), for each 
combination of V-K and K-V matching condition and criterion distance in the 
early and late instruction time conditions.
MATCHING
COND.
C D . INSTRUCTION TIME Mean
Early Late
V-K 20cm -1.04 0.66 0.37
(3.22) (1.86) (2.03)
40cm 0.14 1.70
(4.19) (4.20)
K-V 20cm 0.92 0.25 0.89
(3.07) (1.86) (1.74)
40cm 1.22 1.18
(3.45) (2.79)
Mean 0.31 0.95
(1.76) (1.86)
A three way analysis of variance (instruction time (2) x matching condition (2) 
X criterion distance (2)) with repeated measures on all factors indicated that the 
only significant effect was an interaction between instruction time and matching 
condition (F=6.89; df= l,24; p =0.015). Table 4.15 shows the mean error scores 
for matching condition and instruction time, collapsed across criterion distance. It 
can be seen that the two largest error conditions were the K-V early condition and 
V-K late condition. The results also indicated that the conditions in which 
information is assumed to be stored m a visual form have larger error scores than 
kinaesthetic storage conditions. Secondly, although the largest errors were found 
in K-V early and V-K late, in terms of the difference between matching 
conditions, the error in the K-V early condition was closer to both V-K early and 
K-V late, than it was to V-K late.
-113-
VTable 4.15. Mean across subjects constant error scores
(centimetres), for each combination of V-K and K-V matching condition and
criterion distance in the early and late instruction time conditions.
MATCHING INSTRUCTION TIME
CONDITION Early Late
V-K -0.45 -1.70
K-V 1.07 0.72
Discussion of results
If, in the absence of information about the required response method, 
information remained in the form of the input mode, performance should reflect 
the storage characteristics of the input mode (Jones and Connolly; 1970). The 
results (C.E) initially appeared to support this claim, as error in the early 
condition was similar to the error in the alternative cross-modal late condition. 
However, three separate findings suggested that Jones and Connolly's hypothesised 
outcome of delaying knowledge of the response mode was not supported. Firstly, 
the size of error in the four conditions was contrary to that predicted by Connolly 
and Jones; that is, visual storage conditions showed greater eiTor than kinaesthetic 
storage conditions. Thus, not only was cross-modal asymmetry not found, but the 
pattern of mean error found was in direct contrast to the predicted direction. 
Secondly, although K-V early and V-K late conditions showed the largest error 
(C.E), they were not the most similar conditions; K-V early was more similar to 
K-V late, than V-K early. Thirdly, the analysis of absolute error scores did 
indicate some evidence in support of asymmetry within the early instruction thne 
condition, but this pattern was not reversed in the late condition. Therefore, for 
the above reasons, Jones and ComioUy’s hypothesised outcome of the effect of 
delaying knowledge of the response was not supported.
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Analysis Two. Are Newell et al.’s results reproduced when five possible 
response methods are used ?: Analysis of V-V, V-K, K-K and K-V matching 
conditions
Analysis Two was specifically concerned with ‘model testing’; that is, 
investigating whether support could be found for Newell, Shapiro and Carlton’s 
findings. The predictions investigated by this analysis were therefore primarily 
concerned with the effects of: instruction time, input mode and response method 
and with any two interactions involving these effects. For this reason three and 
four way interactions have been noted, but are not discussed.
The kinaesthetic condition analysed in the following section was the active 
kinaesthetic response method. This response method required subjects to move 
their own hand, and the position of the subjects and apparatus were unchanged 
between presentation and response.
Throughout Analysis Two n —22.
Absolute error scores
This analysis investigated whether delaying knowledge of the response method 
affected performance in the four matching conditions used by Newell, Shapiro and 
Carlton (V-V, V-K, K-K and K-V) when the number of possible methods of 
response was increased from 2 to 5. Table 4.16 shows the mean absolute error 
scores for the V-V, V-K, K-K and K-V matching conditions, within each 
combination of instruction time condition and criterion distance.
Table 4.16 shows the mean across subjects absolute error scores, for 
judgements in the four matching conditions used by Newell, Shapiro and Carlton. 
Errors are shown for each combination of instruction time, perceptual input, 
response method and criterion distance.
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Table 4.16. Mean across subjects absolute error scores (centimetres) and
standard deviations, for each of the four matching conditions used by Newell
et al., within each combination instruction time and criterion distance.
INS. MATCHING CONDITION MeanTIME C.D. V-V V-K K-K K-V
20cm 1.34 2.80 2.78 2.40 2.33
Early
(1.08) (2.38) (2.49) (2.30) (1.06)
40cm 2.11 3.16 4.68 2.75 3.17(1.92) (2.60) (3.26) (2.54) (1.60)
20cm 1.40 2.91 2.37 2.43 2.28
Mid.
(0.88) (2.24) (1.95) (1.96) (0.78)
40cm 2.01 3.63 3.93 2.73 3.07(1.65) (2.91) (2.30) (2.16) (1.24)
20cm 1.16 1.49 2.53 1.43 1.65
Late (1.01)
(1.36) (4.32) (1.21) (1.29)
40cm 1.56 3.48 2.83 1.83 2.42(1.30) (2.92) (2.46) (2.07) (1.47)
Mean 1.60 2.91 3.19 2.26
(0.67) (1.14) (1.40) (0.99)
Legend.
Ins. tim e (instruction time):
Early - early instruction tim e 
M id. - middle instruction tim e 
Late - late instruction tim e
C .D .: criterion distance
A four way analysis of variance (instruction time (3) x criterion distance (2) x 
perceptual input (2) x response method (2)) with repeated measures on all factors 
indicated a significant main effect of instruction time (F=6,25; df=2,42; 
p =0.004). The mean across subjects error scores for each instmction time 
condition, collapsed across criterion distance, input mode and response method, 
were early = 2.75cm, middle = 2.67cm and late = 2.04cm. This indicated that 
judgements became more accurate when information about the required response 
method was withheld. Planned contrasts supported this inteipretation and 
indicated that only judgements in the late instruction tune condition differed from 
judgements made in the early instruction time condition (F=8.29; df=l,21; 
p=0.009).
A significant main effect was also found for criterion distance (F=11.41;
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df=l,21; p = 0.003). The mean across subjects’ enor for the 20cm and 40cm 
criterion distances when collapsed across all other factors were 2.09cm and 
2.89cm respectively, indicating that subjects were more accurate at the shorter 
criterion distance. Analysis of absolute proportional error scores also indicated a 
significant main effect of criterion distance (F= 17.23; df= l,21; p < 0.001). This 
showed that at shorter distances error was proportionately larger than at longer 
distances. The mean across subjects absolute proportional error at the 20cm 
criterion distance was 9.01% and 5.98% at the 40cm distance.
A highly significant main effect was found for response method (F=29.63; 
df= l,21; p < 0.001). This showed that subjects were more accurate when using a 
visual response method. The mean across subjects absolute error for visual and 
kinaesthetic response methods, collapsed across instruction time, perceptual input 
and criterion distance were 1.93cm and 3.05cm, respectively.
A single significant four-way interaction was found between, perceptual input 
X response method x instruction time x criterion distance (F=3.97; df=2,42;
p =0.026).
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Constant error scores
Table 4,17 shows the mean across subjects constant error scores, for each 
combination of visual and kinaesthetic (active) perceptual input and response 
methods, instruction time and criterion distance.
Table 4.17. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each of the four matching conditions used by Newell 
et al. (V-V, V-K, K-K and K-V), within each combination of instruction time 
and criterion distance.
INS. MATCHING CONDITION MeanTIME C.D. V-V V-K K-K K-V
Early
20cm -0.34(1.71)
-1.20
(3.51)
1.92
(3.23)
0.91
(3.23)
0.32
(1.44)
40cm 1,02(2.70)
0.20
(4.14)
2,79
(5.04)
1.09
(3.62)
1.28
(2.37)
Mid.
20cm -0.97(1.36)
0.41
(3.70)
0.63
(3.04)
0.48
(3.13)
0.14
(1.78)
40cm 1.65(2.02)
-0.01
(0.57)
2.29
(3.99)
0.65
(3.47)
1.14
(2.11)
Late
20cm 0.39(1.51)
0.57
(1.96)
1.58
(4.77)
0.09
(1.89)
0.66
(1.69)
40cm 1.00(1.78)
1,57
(4.32)
1.85
(3.29)
1.02
(2.59)
1.36
(1.98)
Mean 0.46
(0.68)
0.26
(2.19)
1.84
(2.18)
0.71
(1.78)
Legend - See table 4.16.
A four way analysis of variance (instmction time (3) x criterion distance (2) x 
perceptual input (2) x response method (2)) with repeated measures on all factors 
indicated a significant main effect for perceptual input (F=6.52; df=l,21; 
p=0.019). The mean across subjects constant enor scores for the visual input 
condition was 0.36cm and 1.27cm in the kinaesthetic input condition. This 
indicated that judgements were more accurate when presentation of the criterion 
distance was visual, and that for both forms of perceptual input error was in the 
direction of an over-estimation.
A second significant main effect was found for criterion distance (F=6.11; 
df=l,21; p=0.022). The mean across subjects constant error scores for 20cm
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and 40cm criterion distances, collapsed across all other factors were 0.37cm and 
1.26cm respectively, indicating that judgements were more accurate at shorter 
criterion distances. Proportional error scores showed no main effect of criterion 
distance (p=0.310), suggesting that error may be a constant proportion of the 
criterion distance, but as can be seen from the constant error scores, any 
proportional relationship is not 1:1; that is, doubling the criterion distance does not 
double the error.
A two-way interaction was found between perceptual input and response 
method (F=5.98; df= l,21; p=0.023). Table 4.18 shows the mean across 
subjects constant error scores for each perceptual input condition and response 
method, collapsed across instruction time and criterion distance. It shows 
judgements were most accurate when a visual input was used, and that the effect 
of the kinaesthetic response appeared to depend on the form of the input; that is, 
within the kinaesthetic response conditions error was smallest in the V-K condition 
and largest in the K-K condition. In addition, table 4.18 shows that K-K was the 
only matching condition in wliich error substantially differed (increased).
Table 4.18. Mean across subjects constant error scores (centimetres), for each 
combination of perceptual input and response method, collapsed across 
instruction time and criterion distance.
RESPONSE
METHOD
INPUT MODE
Visual Kinaesthetic
Visual 0.46 0.71
Kinaesthetic 0.26 1.84
A four way interaction was found between, perceptual input x response 
method x instruction time x criterion distance (F=3.60; df=2,42; p=0.036).
Discussion of results
Increasing the length of time for which subjects did not know the response 
method decreased the size of error (A.E). This effect was inconsistent with both 
Newell et al.’s experimental findings, and Newell et al.’s prediction of the effect
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of delaying knowledge of the response method, based on Connolly and Jones’s 
model. Although, Newell et al. reported no effect of delaying knowledge of the 
response method they did report that the smallest error (A.E) occurred in the late 
instruction time condition, which is therefore consistent with the above findings. 
The actual absolute errors reported by Newell et al. were: early = 2.56cm, 
middle = 2.60cm and late =  2.45cm.
It was also found that visual responses were more accurate than kinaesthetic 
(A.E), and K-K judgements were the least accurate of all conditions (C.E). This 
pattern of accuracy was different to both that reported by Connolly and Jones, and 
Newell et al.. Newell et al. found that intra-modal judgements were more 
accurate than cross-modal, but did not find evidence of cross-modal differences.
In contrast Connolly and Jones (and Jones and Connolly) reported that visual 
responses were more accurate than kinaesthetic, but that cross-modal conditions 
were less accurate than intra-modal. It was therefore judgments made in the K-K 
condition which differed from the pattern reported by both Newell et al. and 
Connolly and Jones. One possible explanation for the increase in error in K-K 
conditions (Experiment 6) was that increasing uncertainty about the response 
method increased the difficulty of processing kinaesthetic information more than it 
affected the processing of visual information.
The interaction between perceptual input and response method (C.E), indicated 
that aU mean enors were over-estimates of the criterion and K-V judgements were 
most accurate matching condition and K-K the least accurate. This further 
supported the above suggestion that delaying knowledge of the response method 
effected the relative accuracy of matching conditions, by hindering kinaesthetic 
response conditions more than visual.
Finally, it was found that increasing the length of the criterion distance 
increased error (A.E and C.E). This effect was also reported by Newell et al.. 
Some support for a proportional relationship between error and distance was 
found.
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General discussion
Experiment 6 was designed to investigate the effect of withholding knowledge 
of the response method, and thereby Connolly and Jones’s claim that translation 
precedes short-term storage. Jones and Connolly (1970) hypothesised that when 
knowledge of the response method was withheld, judgements would reflect the 
characteristics of the input mode rather than the response mode. Analysis One 
indicated no support for this hypothesis. However, because Jones and Connolly 
did not specify how information could be maintained in a pre-translated form, or 
what effect this form of storage would have on reproduction, it is possible that in 
the late instruction time conditions information was held in the form of the input 
mode, but that the effects of maintaining information in a pre-translated form were 
not the same as maintaining translated information. Thus, the results of Analysis 
One may have varied from Jones and Connolly’s hypothesised outcome for either 
of two possible reasons 1) when knowledge of the response mode is withheld 
information is not held in the form of the input mode, 2) information is held in the 
form of the input mode but, Jones and Connolly failed to take account of the 
effects of maintaining pre-translated information.
The second analysis investigated Newell, Shapiro and Carlton (1979) finding 
that delaying knowledge of the response mode had no effect on judgements. 
However, in the Introduction it was suggested that Newell et al.’s findings may 
have been moderated by subjects either guessing the response or maintaining post­
translation codes for both possible responses (visual and kinaesthetic). Experiment 
6 attempted to reduce tlie likelihood of either of these factors influencing 
performance by increasing the number of response methods, and thus potentially 
increasing the number of storage codes relevant to perfotmance.
It is difficult to determine whether Experiment 6 achieved it’s aim of 
increasing the number of response codes relative to Newell et al.’s study; as four 
of the five response methods were kinaestheticaUy based. However, analyses 
which compared performance across the kinaesthetic response methods (appendixes 
C and D) clearly indicated that altering the method of response effected 
performance, and that a distinct hierarchy of accuracy emerged in which active 
performance was more accurate than passive perforaiance, and judgements made
-121-
in full information conditions were more accurate than judgements made when the 
subjects changed position (ego-centric). Thus, the fact that statistically significant 
differences were found between response methods, was consistent with the view 
that increasing the number of response methods increased the number of storage 
codes. However, an alternative explanation may be in terms of the ‘resolution’ of 
different types of information to and from a single, or Ihnited number of codes. 
However, this argument applies equally to differences between visual and 
kinaesthetic performance.
Despite the uncertainty of whether the number of response codes had been 
increased, the results (A.E) of Analyses Two indicated that performance became 
less variable when knowledge of the response mode was withheld. Further, a 
comparison between the results of Analysis Two and Newell et al.’s results 
showed that a similar pattern of error was also found by Newell et al., although 
Newell et al.’s results failed to reach statistical significance, see table 4.19 
(below).
The similarity between the results of Experiment 6 and Newell et al.’s study, 
and the fact that Newell et al.’s results failed to reach significance suggests two 
possibilities. Firstly, it lends tentative support to the claim that Newell’s findings 
were influenced by the fact that only two response methods were used; that is, 
subjects either pre-guessed the response or maintained multiple codes, and this 
strategy was sufficiently successful to moderate the effects of withholding 
knowledge of the response method. Secondly, it was suggested in the Introduction 
that if in late instruction time conditions subjects guessed response method, then 
increasing the number of possible responses from two to five, would produce a 
sizeable increase in error, as the chance of guessing correctly is reduced from 
50% to 20%. Table 4.19 shows the mean error scores (A.E) for both Experiment 
6 and Newell et al.’s study. It can be seen that the error in both experiments was 
remarkably similar. Thus, it is tentatively proposed that in Newell et al.’s study 
subjects did not guess the response method, but either maintained post-translation 
codes for both possible outcomes, or maintained information in a form which 
could be converted to the appropriate code, once the response mode was known.
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Table 4,19. Mean across subjects absolute error scores (centimetres), for each
instruction time condition, collapsed across matching condition, criterion
distance within both Experiment 6 and Newell, Shapiro and Carlton (1979).
ABSOLUTE
ERROR Early Middle Late
Newell et al. 2.56cm 2.60cm 2.45cm
Experiment 6 
(Analysis Two) 2.75cm 2.67cm 2.04cm
This interpretation was also supported by the fact that across all analyses no 
evidence was found to indicate that error increased when a visual response method 
was used. Tims, the prediction made in the Introduction, that if knowledge of the 
response is withheld subjects would maintain post-translation information for the 
most probable outcome, that is a kinaestheticaUy based code, was not supported. 
Therefore, by inference, the similarity between NeweU et al.’s results and 
Experiment 6, and the consistent accuracy of visual response conditions across 
instruction time conditions jointly suggest that when knowledge of the response 
method is unknown, subjects are not forced to rely on guessing the response.
OveraU, the main finding of Experiment 6 was that altering the point at which 
subjects knew the response method significantly affected judgements, and contrary 
to NeweU et al.’s claim of disruption, increasing the length of time for which 
subjects did not know the response mode reduced the variabUity of error around 
the target location. Two explanations can be proposed for why error was found to 
decrease in late instruction conditions. Firstly, if it is accepted that the effect of 
delaying knowledge of the response mode was to prevent translation, and only 
translated information can be held in short-term storage, and that information in 
short-term storage is subject to decay across time then the effect of the late 
instruction time conditions can be considered in the foUowing terms: delaying 
knowledge of the response method, delays translation, thus reducing the amount of 
time that information is held in short-term storage, and because information which 
is translated (early instruction time) is subject to short-term storage and therefore 
decay, this explains the relatively higher level of error in the early condition. 
However, this explanation raises the two questions. Firstly, why in the late 
condition does the input information (pre-translation and therefore pre-short-term
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storage) not also become increasingly inaccurate across time ? Connolly and Jones 
did not directly consider this question, but never the less their model provides one 
possible explanation. Connolly and Jones proposed that all input information 
initially entered a long-term store (where translation occurred), therefore it may be 
assumed that if the response method was unknown, input information would 
remain within the long-term store, where presumably by virtue of it’s long-term 
characteristics the rate of decay of information is slower, than within the short­
term store. Thus, in the late instruction time condition for most of the unfilled 
interval, information is maintained in a long-term rather than a short-term store, 
and the differential rates of decay of infonnation within the two forms of store 
may account for the accuracy of performance in late instruction time conditions. 
Although, the above explanation is proposed as being consistent with Connolly and 
Jones’s model, this is an assumption, because neither Connolly and Jones nor 
Jones and Connolly ever stated where pre-translated information would be held.
The second question raised by the above explanation is, why if performance is 
more accurate when information is retained in an input form (in long-term storage) 
do subjects not always adopt this strategy ? That is, when knowledge of the 
response method is available (early instruction time conditions) why do subjects 
not delay translating mformation from an input code to response code until 
immediately prior to performance, and thereby increase accuracy ? Within 
Connolly and Jones’s model there is no apparent answer to this question, and 
therefore this compromises the validity of the above explanation.
The second explanation for the decrease in error in late instruction time 
conditions, dispenses with the need to consider the role of long-term pre-translated 
information. Instead it relies on the type of information which subjects are 
required to remember in the early and late instruction time conditions; that is, if 
the effect of withholding knowledge of the response method was to provide 
subjects with incomplete instructions, then because subjects only had access to the 
initial part of the instructions (criterion distance) they may have been unable to 
generate a product (post-translation code). Consequently, subjects had to 
remember the initial instructions, pending further infonnation. Further, it is 
hypothesised that the maintenance of the initial instructions (criterion distance) 
may have required a relatively high level of conscious attention, whereas memory 
for the product of the instructions did not require the same level of attention.
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Thus, the increased accuracy found in the late instruction time conditions may be 
due to the increased attention (rehearsal) required during the 10 second interval, 
and the reason why subjects do not always use this strategy, is that the increased 
level of attention makes the task more demanding. The above explanation is 
highly speculative and without experimental support, however it does have 
parallels with the Working Memory model (Baddeley and Hitch; 1974); that is, 
information is stored (short-term) by a tri partite system comprising a limited 
capacity Central Executive and two modality specific ‘slave’ systems (Articulatory 
Loop and Visuo-Spatial Scratch Pad). Thus, in relation to the results of 
Experiment 6, information may initially enter the Central Executive and remain 
there until the response method is known, when information can then enter the 
relevant slave system. Within this explanation, the original question of whether 
translation occurs before or after short-term storage is irrelevant, as all 
information enters short-term storage, and accuracy of performance is determined 
by the access of information to an appropriate ‘slave’ system, rather than 
dismption arising from the prevention of translation of information into a code 
compatible with the response mode. The relationship between intra- and cross- 
modal performance and the Working Memory model is further considered in 
Chapter Five.
In conclusion. Experiment 6 found that when five response methods were 
used, no evidence was found to support Jones and Connolly’s hypothesis that in 
late instruction time conditions judgements would reflect the characteristics of the 
input mode. However, delaying knowledge of the response method was found to 
affect performance, but surprisingly the nature of this effect was to reduce the 
variability of judgements. This was contrary to both Newell et al.’s prediction, 
based on Connolly and Jones’s model, and Newell et al.’s own findings. A highly 
tentative explanation for these results was suggested, which appeared to have 
parallels with the Working Memory model.
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Chapter Five
Intra- and cross-modal performance and Baddeley and Hitch’s 
Working Memory model
Despite the inconsistencies and ambiguities of Connolly and Jones’s model, it 
seems reasonable to assume that Connolly and Jones were correct in identifying 
short-term storage as an important factor in affecting judgements of a previously 
presented distance. Connolly and Jones proposed a modality specific storage 
system, in which the perceptual response mode was critical in determining 
accuracy and variability of judgements. An alternative modality related model of 
short-term storage is the Working Memory model (Baddeley and Hitch, 1974; 
Baddeley and Hitch, 1977; Baddeley, 1986). Experiments 7 and 8 were designed 
to investigate the extent to which judgements on recall tasks conformed to 
predictions based on Baddeley and Hitch’s model. Experiment 7 used a linear 
replacement task, and investigated the effects of visuo-spatial and verbal 
interference. Experiment 8 investigated the effects of visuo-spatial and verbal 
interference tasks on the recall of non-linear (size) information.
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Experiment 7; the effect of visuo-spatial and verbal interference 
on remembering distance.
The short-temi storage of infonnation is an essential component of any 
reproduction task. Thus, the nature of short-tenn storage should influence the 
accuracy of judgements made on recall tasks. Connolly and Jones assumed that 
short-tenn storage was modality specific, and that mformation was stored in the 
fonn of the response mode. An alternative modality related model of short-tenn 
storage, is the Working Memory model (Baddeley and Hitch, 1974). Baddeley 
and Hitch’s original proposal was for a multi-component short-term storage 
system, in which a limited capacity attentional system was served by at least two 
subsidiary systems, one visuo-spatial and one verbal. Since 1974, Baddeley and 
Hitch’s original proposals have been extensively investigated, and many aspects of 
the model have been clarified and refined (for example. Hitch, 1978; Logie and 
Baddeley, 1987; Salame and Baddeley 1989). However, the majority of the more 
recent work has been concerned with verbal, rather than visuo-spatial information. 
For this reason, only those aspects of the Working memory model and the various 
revisions, wliich centrally relate to visuo-spatial information are discussed.
The Working Memory model focuses not on storage ability per se, but on the 
role of temporary storage within information processing. It proposes that short­
term storage is comprised of a multi-pait system: a limited capacity Central 
Executive and two subsidiary ‘slave’ systems, namely the Articulatory Loop 
(A.L.) and the Visuo-Spatial Scratch Pad (V.S.S.P.). Baddeley (1981:18) 
proposed that the function of the Articulatory Loop was to "Maintain verbal 
material by sub-vocal rehearsal" and that the role of the V.S.S.P. was to maintain 
non-verbal information through a "Visualisation of spatial material". Thus, if the 
V.S.S.P. is responsible for the storage and processing of visuo-spatial information, 
then the V.S.S.P. should be the system primarily responsible for the reproduction 
of distance infonnation. (Assuming subjects don’t remember the criterion distance 
as a verbal label; for example, "The criterion distance is 10cm".)
Evidence for the existence of a separate visuo-spatial imagery processing 
system came from a series of studies by Baddeley, Grant, Wright and Thomson 
(1975b). Baddeley et al. showed that performance on a visual tracking task was
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impaired when performed concurrently with a visual imagery task (Brooks’ F, 
1968), but that no disruption to tracking was found when subjects performed a 
concurrent verbal imagery task (Brooks’ sentences, 1968). Baddeley et al. also 
investigated the effect of a spatial tracking task on spatial and non-spatial memory 
span tasks. The memory tasks were based on Brooks’ (1967) matrix task, in 
which subjects fixated on point within a 5 x 5 matrix, and listened to sentences, 
each of the sort 'In the starting square put a 1. In the next square to the left put a 
2 ... ", after building up an image of the digits-in-position, subjects attempted to 
reproduce the matrix. In an alternative (’nonsense’) version of the task, the terms 
left, right, up and down were replaced with quick, slow, good and bad. In the 
nonsense version of the task subjects were told to remember the sentences as a 
verbal list. Baddeley et al. found that a tracking task interfered with the memory 
span for the visualisable version of the matrix, but not for non-visualisable 
(nonsense) material. Thus, Baddeley et al. concluded that visuo-spatial imagery 
impaired tracking, and tracking impaired visuo-spatial imagery, and consequently 
that spatial information was stored in a visuo-spatial form.
Further studies by Baddeley and Liebennan (1980) suggested that the critical 
property of the V.S.S.P. was it’s ability to store spatial rather than visual 
information. They found that a concurrent spatial tracking task (Pit and Pendulum 
experiment) effected subjects’ ability to recall spatial material more than nonsense 
material (Brooks’ matrixes), but that a concurrent visual task (judging brightness) 
affected recall of both spatial and nonsense material. Baddeley and Lieberman 
therefore concluded that the coding of short-term non-verbal information was 
spatial rather than visual. However, more recent research from the fields of both 
neurophysiology and imagery has suggested that vision may comprise two 
separable systems, one (visual) concerned with pattern processing, and the other 
(spatial) concerned with location information (Baddeley, 1990; Jearmerod and 
Biguer, 1982; Quirm, 1991; Logie and Marchetti, 1991; Farah, 1988).
The Working Memory model, as outlined above, was originally developed to 
explain short-term memory for non-motor information. However, later research 
has suggested that the control of movement may also be associated with the 
operation of the V.S.S.P.. Idzikowski, Baddeley, Dirnbleby and Park (1983), 
cited by Quirm (1991), demonstrated that eye movements created by following the 
path of a moving sthnulus, disrupted recall of concurrently presented Brooks’
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matrixes, Quimi and Ralston (1986) used a modified version of Brooks’ matrix, 
which required subjects to move their hand in either a compatible or incompatible 
direction, while recalling the matrix. The results showed that only incompatible 
movement disrupted recall, from which Quinn and Ralston concluded that 
movement was involved in spatial processing. Further, by comparing the effects 
of concurrent and sequential presentation of movement interference, Quinn (1991) 
suggested that movement disrupted recall by affecting the encoding process (as 
opposed to the maintenance process), as only concurrent presentation of the 
matrixes and hand movement disrupted recall. Morris (1987) also suggested that 
movement interfered with the encoding of spatial information. He compared the 
effects of, articulatory suppression and a button pressing task on subject’s ability 
to recall the position of five serially presented circles. He also found that the 
spatial interference task (button pressing) only interfered with recall when 
presented concurrently.
These results suggested that the cognitive system involved in encoding spatial 
information was also involved in the control of movement, but that the system 
responsible for retaining spatial information was probably not associated with 
movement control. However, Logie and Marchetti (1991) argued that if a 
specialised spatial system existed, for example, the V.S.S.P., then it should be 
involved in not only the encoding, but also the retention of spatial material. Logie 
and Marchetti suggested that the tasks used by Morris and Quinn required spatial 
processing only during encoding and retrieval, and that maintenance was based on 
a visual, not spatial memory system, thus explaining why the movement 
interference task was not found to affect spatial recall. Logie and Marchetti 
investigated this experimentally by requiring subjects to recall a sequence of 
movements rather than a static pattern (Brooks’ matrix). The results showed that 
a movement interference task disrupted recall of spatial information, but not visual 
information, and that static visual information (line drawings) interfered with a 
visual but not spatial recall task. From tliis Logie and Marchetti concluded that 
visuo-spatial short-term memory comprised two functions, a passive visual store 
and an active spatial rehearsal process, the latter also being related to the control 
of movement.
If the above findings concerning the Working Memory model were correct, 
then a number of predictions can be made concerning the effects of completing an
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interference task, in either a visuo-spatial or verbal fonn. Firstly, a sequentially 
presented visuo-spatial imagery interference task will disrupt perfomiance more 
than a verbal imagery interference task, which in turn will not significantly differ 
from a control condition, in wliich no additional task was completed.
Secondly, although Morris, Quinn and Logie et al. claimed that movement 
control was associated with the encoding, and possibly the maintenance of spatial 
information none of these studies considered the effect of (visuo-)spatial 
interference on motor performance. However, it can be predicted that, if short­
term spatial memory is controlled by the same system that controls movement, 
then recall of movement should be disrupted by a spatial interference task. 
Specifically, using a task similar to Connolly and Jones’s, V-V performance, 
which requires no movement on the part of the subject, should be less affected by 
the spatial interference conditions than either K-K, V-K or K-V performance.
Thirdly, if movement control is associated with the rehearsal of spatial 
information, and is therefore more vulnerable to disruption by a spatial 
interference task, then, if in cross-modal matching conditions information is 
translated prior to short-term storage (as claimed by Connolly and Jones; 1970) it
Iwould be expected that K-V judgements would be less affected by the interfering 
task than V-K judgements. Thus, if translation precedes short-term storage, the 
predicted accuracy of matching conditions in the presence of spatial interference 
should be V-V > K-V > K-K > V-K.
In addition to the above three predictions. Experiment 7 investigated two 
further possible outcomes. Firstly, the effect of increasing the length of time 
between presentation and reproduction. This was investigated as, central to 
Connolly and Jones explanation of performance was the claim that short-term 
storage codes for the visual and kinaesthetic modalities had different characteristics 
across time. In contrast, Baddeley and Hitch’s Working Memory model made no 
reference to the effects of modality, beyond a distinction between verbal and 
visual/ spatial codes. Instead, Baddeley and Hitch claimed that all non-verbal 
information was processed in a single code by a single visuo-spatial system (or at 
least by a visual and a spatial system). Due to this difference in the proposed 
nature of short-term storage codes, two different outcomes concerning the effect of 
extending the interval between presentation and reproduction can be predicted. 
Firstly, if Connolly and Jones were correct, error in kinaesthetic response
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conditions should increase across time (see Experiment 5). Whereas, if Baddeley 
and Hitch were correct, no interaction should be found between time interval and 
matching condition. Thus, by considering the effects of a time interval across all 
four matching conditions, it may be possible to provide evidence which helps to 
distinguish between Connolly and Jones’s model and the Working Memory model.
The second outcome investigated by Experiment 7, concerned the importance 
of the method of response to the interference task. This was considered because 
Brooks (1968) reported that the extent to which a secondary concurrent 
(interfering) task would disrupt perfonnance was related to both the nature of the 
task and the method of response. Brooks found that the time taken to respond to a 
sentence (verbal information) was fastest when the response involved pointing to 
targets (spatial response), and slowest when a vocal response was required, and 
vice versa for responses to a line drawing (spatial information). Thus, maximum 
disruption to performance was found when response type and interference task 
were in the same modality, although Brooks’ findings related to performance on 
the interference task rather than the reproduction task. It may be predicted that 
maximum interference, as measured by disruption to perfoimance on the 
reproduction task, will be found when a spatial interference task is used in 
conjunction with a spatial method of responding.
In order to investigate these predictions. Experiment 7 used the same basic 
Coimolly and Jones style task as described in previous experiments. Presentation 
of the criterion distance was followed by either a 10 or 30 second interval. This 
interval was either unfilled, or filled by subjects completing an interference task. 
The interference task was either visuo-spatial or verbal. Two independent groups 
of subjects were used, one group responded to the interference tasks using a 
spoken response (yes/no) and the second group used a visuo-spatial response 
(pointing). All subjects completed judgements in four matching conditions (V-V, 
V-K, K-K and K-V) and at four criterion distances.
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Method
Subjects
Spoken response group. Twelve male, Technical and Engineering department 
staff and research students, from the University of Surrey volunteered to take part.
Pointing response group. Fourteen male soldiers, from the Trials Troop, 
(A.P.R.E), Famborough.
Apparatus
Three main pieces of apparatus were used:
1. The same specification of box was used as in Experiment 3 (Apparatus).
2. The visuo-spatial task was based on Brooks’ ‘F ’ (1968). Large block capital 
letters (F, L, T and N) were printed on individual sheets of A4 paper. Eight 
copies of each letter were made (one per trial). An asterisk was placed at one 
comer of each letter. The position of the asterisk varied across the eight copies. 
Examples of letters used are shown in appendix E.
3. The verbal task was based on Brooks’ sentences (1968). Eight sentences each 
printed individually on a plain sheets of A4 paper. Each sentence contained 10 
words, 3 of which were ‘key’ words. The actual sentences used are shown in 
appendix F.
Additional apparatus included: two coloured squares (10cm x 10cm), These 
were fixed to the table in front of the subject. One square was red, one square 
was blue. The squares acted as response indicators, and were used only in the 
pointing response group.
Procedure
Subjects in both the spoken and pointing response groups completed trials using 
the same procedure, see below. The presentation and reproduction of criterion 
distances using visual and kinaesthetic input and response conditions was as 
described in Experiment 3 (Procedure). In Experiment 7 subjects completed trials 
using both intra- and cross-modal matching conditions.
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Procedure for completing trials using the visuo-spatial interference task
Subjects were presented visually with a large block capital letter, and told to 
remember the position of the asterisk. Subjects viewed the letter for as long as 
required, and then turned the letter face down. The experimenter turned off the 
light and the subject was instructed to imagine moving around the letter in a 
clockwise direction. At each comer of the letter, subjects indicated whether the 
comer was either at the top or bottom of the letter, or in any other position. In 
the spoken response group, subjects said "yes" if the comer was at the top or 
bottom and "no" if it was in any other position. In the pointing response group, 
the light came on and subjects pointed to the blue square if the comer was at the 
top or bottom and to the red square if it was in any other position. Figure 5.1 
shows an example of a letter and the correct sequence of response.
*
Figure 5 .E  Example of letter used in the visuo-spatial interference conditions, 
showing the direction of movement around the figure and the correct sequence 
of responses.
Procedure for completing trials using the verbal interference task
Subjects read and were told to remember a 10 word sentence. Subjects were 
allowed as long as they required to read the sentence. Once the sentence had been 
read, the subject placed the sheet of paper face down on the table and the light 
was tumed off. Subjects then indicated whether each word in the sentence was a 
key word or not. In the spoken response group subjects said aloud "yes" if the 
word was a key word and "no" if it was not. In the pointing response group
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subjects pointed to the blue square if the word was a key word and the red square 
if it was not.
In addition to varying the method of responding, the content of the sentences 
also varied across the spoken and pointmg response groups. In the spoken 
response group the key words were nouns, whereas in the pointing response group 
the key words were colour terms (this form of the task, involving the identification 
of colour/ not colour terms was never used by Brooks). Different sentence 
contents were used as the experimenter considered that identifying noun and not- 
noun terms was an unnecessarily intimidating task for the second group of subjects 
(Trials troop). Figure 5.2 shows examples of sentences and correct response 
sequences used by each response group.
Spoken response group
A bird in the hand is not in the bush.
N Y N N  Y N N N N  Y
Pointing response group
Mr Brown led his black cow to the village green.
R B R R B R R R R B
Figure 5.2. Examples of sentences and correct sequence of responses, used in 
the verbal interfering task.
If the interference task was completed before the full time interval had elapsed, 
subjects did nothing while waiting for the remainder of the time interval to elapse. 
The experimenter told subjects when the time interval had elapsed.
Control condition
In the control condition, subjects in both pointing and spoken response groups 
did nothing while the same time interval as used in the visuo-spatial and verbal 
interference conditions elapsed (10 and 30 seconds). Subjects were not specifically 
told to rehearse the criterion distance, but were aware that reproduction would be 
required.
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Experimental design
All subjects completed four experimental sessions, one per day for four days. 
Each session varied in respect to the matching condition used (V-V, V-K, K-K or 
K-V). In each session subjects made judgements using all three interference tasks. 
The order of presentation of each combination of matching condition and 
interference condition was counterbalanced (24 possible presentations), with the 
remaining subject completing a randomly selected presentation order.
For each combination of matching condition and interference task subjects 
made judgements in two time intervals, half the subjects completed combinations 
of matching condition x interference condition x short (10 second) interval 
conditions first, followed by matching condition x interference condition x long 
(30 second) interval conditions. For the remaining subjects the order was 
reversed,
AU subjects made judgements for each combination of matching condition, time 
interval and interference condition at each of four criterion distances: 9.5cm, 
28.5cm, 42.5cm and 54cm. The order of presentation of the criterion distances 
was pseudo-random (without replacement) within each combination of interference 
condition x time interval, but remained consistent across matching conditions.
Results
Treatment of results
In aU trials subjects’ reproductions of the criterion distance were converted to 
error scores (reproduced distance - criterion distance). Absolute and constant 
error scores were reported. Due to the large amount of data, the mean across 
subjects error scores (A.E and C.E) and standard deviations for each combination 
of interference condition, perceptual input, response method, time interval, 
criterion distance and response group are shown in appendixes G (absolute error) 
and H (constant error). Only mean error scores and standard deviations relevant 
to statisticaUy significant effects are shown in the foUowing sections. In addition, 
because the aim of Experiment 7 was to investigate specific predictions arising 
form the Working Memory model (see Introduction), four, five and six way 
interactions are noted, but not discussed.
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Finally, in a post-hoc analysis of the data subjects were divided into two 
groups, depending on whether they had a higher visuo-spatial or verbal error 
score. This post-hoc division was made on the basis of both absolute and constant 
error scores. Error scores were then analysed across the new group factor. The 
purpose of this was to investigate whether there were individual differences in 
coding distance information; that is, were some subjects affected by visuo-spatial 
interference but not verbal, and vice versa ?
Absolute error scores
Absolute enor scores were analysed using a six way analysis of variance 
(interference condition (3) x perceptual input (2) x response method (2) x time 
interval (2) x criterion distance (4) x response group (2)) with repeated measures 
on all factors, except response group. This analysis indicated a significant main 
effect of interference condition (F=6.63; df=2,48; p=0.003). Table 5.1 shows 
the mean across subjects, absolute error scores and standard deviations, collapsed 
across perceptual input, response method, time interval, criterion distance and 
response group. It indicates that judgements were most accurate in the control 
condition and least accurate in the visuo-spatial interference condition. Planned 
contrasts (see below) indicated that both the visuo-spatial and verbal interference 
tasks significantly increased the error relative to the control condition.
Table 5.1. Mean across subjects absolute error scores (centimetres) and 
standard deviations, for performance in each interference condition, collapsed 
across perceptual input, response method, time Interval, criterion distance and 
response group.
CONTROL VISUO-SPATIAL VERBAL
A»H/
1.96 2.58 2.44
(0.79) (1 .0 1 ) (1.44)
Planned contrasts:
Control - visuo-spatial (F = 10.30; df= l,24; p =0.004) 
Control - verbal (F=5.24; df= l,24; p =0.031)
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A second significant main effect was found for criterion distance (F=3,28; 
df=3,72; p=0.026). Table 5.2 shows the mean across subjects error scores 
(absolute and absolute proportional) collapsed across all factors except criterion 
distance. This indicates that enor was smallest at the nearest criterion distance, 
but that little change in error occurred across the other three distances. The same 
analysis of proportional error scores (based on absolute error values) also indicated 
a significant main effect for criterion distance (F=44.55; df=3,72; p <  0.001), 
and showed that as criterion distance increased enor became an increasingly small 
proportion of the total distance.
Table 5.2. Mean across subjects absolute (centimetres) and absolute 
proportional error scores (%) and standard deviations, at each criterion 
distance, collapsed across interference condition, perceptual input, response 
method, time interval and response group.
CRITERION DISTANCE
9.5cm 28.5cm 42.5cm 54.0cm
A.E 1.86 2.41 2.51 2.52
(1.05) (0.87) (1.12) (1.15)
Absolute 20.35 8.51 6.09 4.66
% (11.80) (2.95) (2.48) (2.20)
A single significant two-way interaction was found between, perceptual input 
and response method (F=10.09; df=l,24; p =0.004). Table 5.3 shows the mean 
error scores for judgements in both visual and kinaesthetic, perceptual input and 
response method conditions. This shows that enor was smaller in the intra-modal 
matching conditions.
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Table 5.3. Mean across subjects absolute error scores and standard deviations 
(centimetres), for each combination of perceptual input and response method, 
collapsed across interference condition, time interval, criterion distance and 
response group.
RESPONSE PERCEPTUAL INPUT
METHOD Visual Kinaesthetic
Visual 2.12(0.94)
2.47
(1.17)
Kinaestlietic 2.60(1.21)
2.11
(0.81)
In addition, two significant four-way interactions were found:
Response group x perceptual input x time interval x criterion distance (F=3.43; 
df=3,72; p=0.021).
Interference condition x response method x time interval x criterion distance 
(F=2.33; df=6,144; p=0.036).
Constant error scores
Appendix H shows the mean across subjects constant error scores and standard 
deviations for each combination of interference condition, perceptual input, 
response method, time interval, criterion distance and response group.
Constant error scores were analysed using a six way analysis of variance 
(interference condition (3) x perceptual input (2) x response method (2) x time 
interval (2) x criterion distance (4) x response group (2)) with repeated measures 
on aU factors, except response group. A significant main effect was found for 
criterion distance (F = 11.44; df=3,72; p < 0.001). The same analysis based on 
constant proportional error scores also indicated a highly significant main effect of 
criterion distance (F = 15.86; df=3,72; p < 0.001). The mean across subjects 
proportional error scores for each criterion distance collapsed across all other 
factors are also shown in table 5.4. The effect of increasing distance on both 
constant and constant proportional error scores suggested that error tended to 
become an increasingly large under-estimate with increasing distance.
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Table 5.4. Mean across subjects constant error scores 
(centimetres) and constant proportional error scores (%) and standard 
deviations, at each criterion distance, collapsed across interference condition, 
perceptual input, response method, time interval and response group.
CRITERION DISTANCE
9.5cm 28.5cm 42.5cm 54.0cm
C.E 0.81 -0.06 -0.06 -1.16
(1.02) (1.18) (1.15) (1.59)
Constant 8.53 -0.22 -0.14 -2.15
% (10.78) (4.13) (2.74) (2.94)
A significant interaction was found between, interference condition x criterion 
distance (F=3.37; df=6,144; p = 0.004). Table 5.5 and graph 5.1 show the mean 
across subjects eiTor scores at each criterion distance, witliin each interference 
condition, and show that error was generally greatest in the visuo-spatial 
interference condition, but that across all three interference conditions error 
showed a trend towards increasing under-estimation.
Table 5.5. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of interference condition and 
criterion distance, collapsed across perceptual input, response method, time 
interval and response group.
CRITERION INTERFERENCE CONDITION
DISTANCE Control Visuo-spatial int. Verbal int.
9.5cm 0.33 1.31 0.79(0.58) (1.87) (1.47)
28.5cm -0.49 0.24 0.06(1.55) (1.35) (1.86)
42.5cm 0.42 -0.52 -0.08(1.28) (1.93) (1.79)
54.0cm -0.94 -1.28 -1.26(1.89) (2.11) (2.01)
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Graph 5.1. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of interference condition and 
criterion distance, collapsed across perceptual input, response method, time 
interval and response group.
A second interaction was found between perceptual input and response 
method (F=7.48; d f= l,24 ; p=0.012). Table 5.6 shows the error scores in both 
visual and kinaesthetic, input and response methods. Table 5.6 shows that intra- 
modal matching conditions were more accurate than cross-modal, and that V-V 
judgements were the most accurate of aU conditions. In addition, table 5,6 shows 
that over-estimation occurred only in the K-K matching condition.
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Table 5.6, Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of perceptual input and response 
method, collapsed across interference condition, time interval, criterion 
distance and response group.
VISUAL
INPUT
KINAESTHETIC
INPUT
VISUAL RESPONSE -0.06 -0.28
(1.16) (1.00)
KIN. RESPONSE -0.44 0.14
(1.36) (1.07)
Perceptual input was also found to interact with criterion distance (F—5.61; 
df=3,72; p =0.002). Table 5.7 and graph 5.2 show the mean error scores in 
visual and kinaesthetic perceptual input conditions at each criterion distance. It 
can be seen that at each distance, error in the visual input conditions error was 
larger or equal to error in kinaesthetic conditions, and graph 5.2 shows that a 
consistent pattern of increasing under-estimation with increasing distance was 
found only in the visual input condition.
Table 5.7. Mean across subjects constant error scores and standard deviations 
(centimetres), for each combination of perceptual input and criterion distance, 
collapsed across mterference condition, response method, time interval, 
criterion distance and response group.
CRITERION
DISTANCE
PERCEPTUAL INPUT
Visual Kinaesthetic
9.5cm 1.23 0.39
(1.62) (0.87)
28.5cm -0.21 0.08
(1.36) (1.33)
42.5cm -0.55 0.42
(1.47) (1.40)
54.0cm -1.16 -1.16
(1.68) (1.99)
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Graph 5.2. Mean across subjects constant error scores and standard 
deviations (centimetres), for each combination of perceptual input and 
criterion distance, collapsed across interference condition, response method, 
time interval, criterion distance and response group.
Two significant three-way interactions were found. Firstly, response group x 
criterion distance x response method (F=6.I8; df=3,72; p=0.003). Table 5.8 
shows the mean error scores for both the spoken and pointing response groups, in 
visual and kinaesthetic response methods at each criterion distance. Table 5.8 
indicates that only the pointing response group showed a consistent negative bias 
across distance. Within the spoken response group, the negative bias was 
interrupted at the third criterion distance (42.5cm), where within both visual and 
kinaesthetic response conditions error was positive.
-142-
Table 5.8. Mean across subjects constant error scores (centimetres), for each
combination of response group, response method and criterion distance,
collapsed across mterference condition, perceptual input and time interval.
C R IT E R IO N
D IST.
S P O K E N  R E SPO N SE  
G R O U P
PO IN T IN G  R ESPO N SE  G R O U P
V isual
response
K in .
response
V isual
response
K in .
response
9.5citt 0.45 1.40 1.11 0.32
(1.22) (1.83) (1.22) (0,96)
28.5cm -0.34 -0.43 0.34 0.08
(1.60) (1.24) (1.26) (1.79)
42.5cm 0.57 0.15 -0.54 -0.05
(1.18) (1.74) (1.55) (1.38)
54.0cm -0.76 -1.47 -1.50 -0.90
(2,55) (1.35) (1,80) (1.80)
The second three way interaction concerned, interference condition x response 
method x time interval (F=4.49; df==2,48; p=0.016). Table 5.9 shows the mean 
error scores for each combination of response method and time interval within 
each criterion distance, it indicates that judgements were very accurate (mean error 
less than 1cm) across all combinations of time interval, interference condition and 
response method. No clear difference between judgements in each combination of 
interference condition, response method and time interval was found except when 
using kinaesthetic responses in the 30 second interval. The mean across subjects 
error scores for these conditions indicated that performance in the visuo-spatial 
interference condition showed the greatest error, the control condition showed least 
error and under estimation was found only in the verbal interference condition.
-143-
Table 5.9. Mean across subjects constant error scores (centimetres), for each
combination of interference condition, response method and time interval,
collapsed across perceptual input, criterion distance and response group.
R ESPO N SE
M O D E
T IM E
IN T ER V A L
IN T E R FE R E N C E  C O N D ITIO N
C ontro l V isuo-spatial V erbal
V ISUA L 10 sec 0.19 -0.33 -0.30
(1.08) (1.58) (1.47)
30 sec -0.22 -0.12 0.25
(1.38) (2.04) (1.29)
K IN . 10 sec -0.71 -0.12 -0.02
(1.73) (1.81) (1.76)
30 sec 0.07 0.31 -0.46
(0.89 (1.80) (1.95)
Post-hoc analysis of error scores in visuo-spatial and verbal interference 
conditions
In order to test whether there were individual differences in relation to the 
effects the interference tasks, subjects were divided into two groups. Group One 
comprised subjects who had higher error scores in the visuo-spatial interference 
condition than in the verbal interference condition. Group two comprised subjects 
who had higher error scores in the verbal interference condition than the visuo- 
spatial condition. If, there were consistent individual differences between subjects, 
then within each group, negative correlations should exist between judgements 
made in the visuo-spatial and verbal interference conditions. Pearson product 
moment correlations were carried out between mean error values for the control, 
visuo-spatial and verbal interference conditions within each of the post-hoc groups. 
Tables 5.10 and 5.11 show the correlation co-efficients (one tailed tests are used) 
between the mean error in visuo-spatial and verbal interference conditions for 
absolute and constant error values respectively.
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Correlations between mean error scores in visuo-spatial and verbal
interference conditions
Absolute error
Group One n=15 and Group Two « —11.
Table 5.10, Pearson product moment correlation co efficients and levels of 
significance between the mean error in visuo-spatial and verbal interference 
conditions, within Group One and Group Two.
IN T ER FE R E N C E PO S T -H O C  G R O U PS
COND.
G ro u p  O ne G ro u p  Two
V isuo-spatial co rre la ted  w ith v e rb a l r= 0 .8 4 r= 0 .8 1
p < 0 .0 0 5 p < 0 .0 0 5
Constant error
Group One «=14 and Group Two «=12.
Table 5.11. Pearson product moment correlation co-efHcients and levels of 
significance between the mean error in visuo-spatial and verbal interference 
conditions, within each post-hoc group.
IN T E R FE R E N C E P O S T -H O C  G R O U PS
COND.
G ro u p  O ne G ro u p  Tivo
V isuo-spatial co rre la te d  w ith  v e rb a l r= -0 .1 6 r= 0 .5 9
n/s p  < 0 .0 2 5
Tables 5.10 and 5.11 show that a negative relationship between visuo-spatial 
and verbal interference conditions was only found within Group One when 
constant error scores were used. However, this effect was not statistically 
significant. Thus, the prediction that there were individual differences in the 
effects of visuo-spatial and verbal interference conditions cannot be supported.
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Discussion
The first prediction made in the Introduction concerned the effect of the 
interference conditions; that is, only the visuo-spatial interference task would 
affect judgements. The results (A.E) indicated that error in the visuo-spatial 
interference condition was larger than in the control condition. However, error in 
the verbal interference condition was also found to be significantly larger than the 
control condition. The Working Memory model claimed that disruption occurs 
only when the secondary (interference) task, has the same processing requirements 
as the stored information. Thus, within the framework of the Working Memory 
model, this suggests that distance information was not exclusively stored in a 
visuo-spatial code.
Three possible explanations can be proposed for why both forms of 
interference task were found to affect judgements. Firstly, there may have been 
individual differences in the way subjects stored information; for instance, it is 
possible that distance information can be stored in a verbal form, such as "The 
distance was 10cm". Thus, if some subjects used visuo-spatial storage and others 
used verbal storage, this may account for why, when collapsed across subjects 
both forms of interference task were found to affect judgements. However, post- 
hoc analysis of the results failed to find support for this explanation.
Secondly, it was possible that when completing the verbal interference tasks 
subjects visualised the sentence, rather like a pantomime song sheet. If, this were 
the case then the ‘verbal’ interference task may have effectively had a visuo-spatial 
element, and this visuo-spatial element may account for the observed disruption in 
verbal interference conditions. Tentative support for this possibility was provided 
in a brief follow up study; which is reported as a post-script to Experiment 7.
Thirdly, performance may have been influenced by the fact that the 
interference tasks were presented sequentially rather than concurrently; that is, 
interpolated interference (probably) does not affect the encoding of information. 
Thus, subjects could detect the criterion distance and place the information in the 
prefened storage code unhindered by the interference task. However, the 
interference task may have disrupted the rehearsal/ maintenance of the stored 
information. Thus, within the terms of the Working Memory model the influence
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of the interference task may have been on the Central Executive rather than 
directly upon the encoded information. Baddeley (1981, 1992) proposed that the 
Central Executive was a limited capacity, attentional controller, and possibly 
modality independent (Eysenck, 1987). Thus, any interference regardless of, 
modality or form of content would affect the opemtion of the Central Executive. 
This therefore provides an a further explanation for why both forms of 
interference task affected perfonnance.
Overall, the predictions that only visuo-spatial interference would disrupt 
performance, and that judgements in the verbal interference condition would not 
differ from the control condition, were not supported. Possible explanations for 
the effect of the verbal interference task suggested that the disruption found in the 
verbal conditions was not necessarily incompatible with Baddeley and Hitch’s 
model of a tri partite information processing system.
The second and third predictions made in the Introduction, both related to the 
relationship between the V.S.S.P. and movement. The second prediction stated 
that if, the system responsible for the storage of visuo-spatial information was also 
associated with the control of movement, then performance in V-V trials should be 
least affected by the presence of the visuo-spatial interference task. The third 
prediction stated that if, translation preceded short-term storage (Connolly and 
Jones, 1970), then K-V judgements should be less affected by the visuo-spatial 
mterference task than V-K judgements. Firstly, there was no interaction between 
interference condition, input mode and response mode, indicating that within each 
matching condition, error did not change as a result of the type of interference 
condition. Thus, the second prediction cannot be supported.
In relation to the third prediction, which stated that if the V.S.S.P. is 
associated with the movement control, K-V judgements should be less affected by 
interference than V-K judgements, the results indicated no interaction between 
response mode and interference task. Therefore, the tliird prediction cannot be 
supported. Finally, it was suggested that if spatially stored information was 
disrupted by movement, then the overall pattern of accuracy between matching 
conditions may indicate that matching conditions with a visual response would 
always be more accurate than conditions with a kinaesthetic response; that is, in 
order of descending accuracy V-V, K-V, K-K, V-K. This was also not supported.
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Although, no three way interactions were found between interference condition 
and matching condition (input x response), significant interactions were found for 
input mode x response method (A.E and C.E). These indicated that V-V 
judgements were the most accurate of the four matching conditions (C.E), and 
error was greatest in the V-K matching condition (A.E and C.E). This was 
broadly consistent with Connolly and Jones’s original results, and tentatively 
suggests that the factor(s) determining the relative accuracy of matching conditions 
were largely independent of visuo-spatial or verbal processing operations; that is, 
no two-way interactions were found between input method or response mode and 
interference task.
In addition to the above prediction, two further outcomes were investigated by 
Experiment 7. Firstly, the effect of increasing the amount of time between 
presentation and reproduction. This was investigated as a potential means of 
distinguishing between Connolly and Jones’s and Baddeley and Hitch’s claims 
concerning the characteristics of short-term storage codes. The Introduction 
suggested that if Connolly and Jones had been correct, then an interaction would 
be found between matching condition and time interval, in which kinaesthetic 
responses would become increasingly inaccurate across time. No evidence for this 
effect was found, nor for an interaction between matching condition, time interval 
and interference condition (as it may be argued that the effects predicted by 
Connolly and Jones would only be found when no mterference was present). The 
only evidence for any effect of time interval (up to the level of a three-way 
interaction) indicated that kinaesthetic responses in the 30 second interval showed 
the clearest evidence of change as a result of the type of interference task (C.E). 
Thus, the results failed to support Connolly and Jones’s claim concerning the 
characteristics of visual and kinaesthetic storage codes, and suggested that distance 
information was held in a form which was relatively stable up to 30 seconds, and 
therefore possibly suggesting that information was not held in separate sensory 
modality codes, as claimed by Connolly and Jones.
The second outcome to be investigated, concerned the effect of the method of 
responding to the interference tasks; that is. Brooks (1968) found that maximum 
disruption to performance of the interference task occurred when the content of the 
interference task and the method of responding were in the same form. Thus, the 
Introduction proposed that the visuo-spatial interference task should be hardest to
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complete (produce maximum interference) when the method of responding was 
also visuo-spatial. Thus, the pointing response group should show greater 
disruption (particularly in the visuo-spatial interference task) than the spoken 
response group. No evidence in support of this effect was found, but error (C.E) 
in the pointing response group was found to show a consistent negative bias across 
both criterion distance and response method, which was not found in the spoken 
(verbal) group. Thus, it is possible that the method of responding to the 
interference task influenced (indirectly) the directionality of judgements of the 
criterion distance, rather than the size of error. However, overall no strong 
effects of method of response group were found, which indicates that the nature of 
the response was not be critical in determining interference. However, it must be 
recognised that Experiment 7 was not a replication of Brooks’ experiment, as 
Brooks used a concurrent rather than sequential interference task, and this may 
have influenced the pattern of results.
In addition to the above findings, criterion distance was found to influence 
performance (A.E and C.E). This effect was consistent with previous experiments 
(Experiments 3 and 5), in which increasing the criterion distance increased the 
variability of judgments around the end location and increased negative bias of 
judgements, especially within the visual input conditions. Finally, one effect of 
criterion distance which was specific to Experiment 7 was that judgements (C.E) 
were generally found to be furthest from the target in the visuo-spatial interference 
condition (C.E), This effect was therefore consistent with the view that distance 
information is stored and rehearsed within a system operating on the basis of 
visuo-spatially coded information.
In conclusion, the results of Experiment 7 indicated that judgements of 
distance were affected by the presence of both a visuo-spatial and verbal 
interference task. Reasons proposed for these effects included: the possibility that 
the verbal task had a visuo-spatial element, or that the interference task affected 
the rehearsal process, not the encoding process. In respect to the relationship 
between of short-term storage systems and movement control no evidence was 
found to support the claim that conditions requiring movement will be more 
effected by visuo-spatial interference than conditions requiring no physical 
movement.
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Post script: Aii investigation of the visuo-spatial content of a 
verbal interference task (based on Brooks’ sentences).
In Experiment 7 one reason proposed for why both visuo-spatial and verbal 
interference tasks disrupted subjects’ judgements of criterion distance, was that the 
verbal interference task (Brooks’ sentences) did not necessarily rely on purely 
verbal processing, at least not for all subjects. To investigate this possibility, a 
follow up study asked 20 volunteer undergraduates to read one of the sentences 
(noun vs. not-noun version) used in the verbal interference condition of the above 
experiment, (appendix F). Subjects said aloud, "yes" if the word was a noun, and 
"no" if it was not. Once the subjects had completed this task, they were asked to 
describe how they had done it. Subjects found this quite difficult, but unprompted 
by the experimenter 5 of the 20 subjects reported either visualising or imaging the 
sentence. This, therefore provides some support for the aigument that Brooks’ 
sentences may not be a good example of a purely verbal interference task.
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Experiment 8: the effect of visuo-spatial and verbal interference 
tasks on remembering size information
Experiment 8 was designed to investigate the effect of visuo-spatial and verbal 
interference tasks on memory for the size of irregular shapes. This change was 
made in order to reduce the likelihood that subjects could maintain the criterion 
infoiination through sub-vocal rehearsal. This is important, as in Experiment 7 it 
was suggested that this factor may have (partially) accounted for why both visuo- 
spatial and verbal interference tasks affected judgements of distance. If this 
explanation were correct, then changing the criterion information from distance to 
size, should produce less equivocal effects of visuo-spatial and verbal interference. 
This is so, as it is probable that a verbal labelling strategy is less effective means 
of remembering the size of an irregular shape than a uni-dimensional distance.
Experiment 8 also changed the form of the verbal interference task. This 
change consisted of replacing the Brook’s style sentences (as used in Experiment 
7) with an articulatory suppression task. This change was made as a result of the 
Post script to Experiment 7, which indicated that Brook’s style sentences may not 
be a pure verbal interference task.
Finally, Experiment 8 compared the relative accuracy of matching conditions. 
This was investigated, as Freides (1975) claimed that recognition tasks requiring 
the use of ‘complex’ information (eg, shape), were more accurately performed 
when the standards (criteria) were visual. In contrast tasks requiring ‘simple’ 
information (eg. linear information) were not subject to this effect. Thus, if 
Freides were correct it would be predicted that 1) V-V and V-K judgements wdl 
be more accurate than K-K or K-V and 2) the pattern of accuracy across matching 
conditions wül be different to that found in Experiment 7.
In summary. Experiment 8 was designed to investigate firstly, whether the 
type of information to be recalled effects the accuracy of performance, and 
secondly whether using a ‘stronger’ verbal interference task will produce a less 
ambiguous effect of visuo-spatial and verbal interference task, than reported in 
Experiment 7. In order to investigate these questions subjects recalled the size of 
iiTegular shapes, across a 10 second inteiwal. Two independent groups were used, 
an intra-modal group (V-V and K-K) and a cross-modal group (V-K and K-V).
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AU subjects completed judgements in three interference conditions (visuo-spatial, 
verbal and control).
Method
Subjects
Sixteen undergraduates from the University of Surrey volunteered to take part.
Apparatus
Three major pieces of apparatus were used;
1. The box. The irregular shapes were presented to subjects using a wooden 
box, figure 5.3. The box measured 30cm x 50cm x 30cm. A ‘mouse hole* (10cm 
X 15cm) was cut in the front face of the box face, this aUowed subjects to put 
their hand into the box. Within the box, additional wooden struts limited the floor 
area to 15cm x 15cm.
30cm
i  I
10cm
1 r
f
15cm 30cm
30cm
Figure 5.3. Diagram of box used to present stimuli (irregular shapes) to 
subjects.
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2. The shapes. These were presented to subjects in the form of ‘tiles’, see 
figure 5.4. Each tile consisted of a aluminium shape, mounted on a 10cm x 10cm 
cork square. The shapes were raised 0.5cm from the surface of the backing tile.
Backing tile
shape
cork backing tile
Figure 5.4. Example of a tile, above and side views.
Four different sets of tiles were used. Each set varied slightly in respect to 
the shape depicted. Each set of tiles comprised four individual tiles: 2 x criterion 
the, 1 X small the, in which all dimensions were reduced by 4mm and 1 x laige 
tile, in which all dimensions were extended by 4mm. Actual shapes and sizes of 
the tiles are shown in appendix I.
3. The visuo-spatial interference task. This comprised the same large capitals 
letters as used in Experiment 7 (F, L, N, T). A total of 12 letters were used
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(three copies of each letter). An Amstrad 1640, with Wordstar 1512 was used to 
record the results.
Additional apparatus included: a standard lamp, a ‘Baeuerle BS782’ timer (to 
control the length of time the lamp came on for), a stop clock and a electronic 
timer (for recording the length of time subjects took to respond).
Pi'ocedure
Subjects were divided into two groups. One group made intra-modal 
judgements (V-V and K-K), the second group made cross-modal judgements (V-K 
and K-V). All subjects completed judgements in three interference conditions 
(spatial, verbal and control conditions). Five judgements were made for each 
combination of matching condition and interference condition. Uie five repeated 
trials pseudo-randomly varied in respect to whether the second tüe was the same, 
smaller or larger than the presentation tile, each series of five judgements 
contained at least 1 smaller, 1 larger and 1 same judgement.
Matching conditions (V-V, K-K, K-V and V-K) were completed using the 
same basic procedure as described in Experiment 3; that is, in kinaesthetic 
presentation conditions subjects reached into the box and felt the tile, in visual 
presentation conditions a light came on, for 1 second and subjects were able to see 
the tile.
Unlike previous experiments subjects were not required to reproduce the 
presented information, but were instead asked to identify whether a second tile 
was: the same, smaller or larger than the original (criterion) tile.
In all trials a 10 second interval was imposed between the presentation of the 
criterion tile and subjects making a response. In the visuo-spatial interference 
conditions subjects responded by pushing either the ‘z’ key on standard key board 
if the comer was at the top or bottom of the figure, or the ‘x’ key for any other 
comer.
In the verbal mterference condition subjects said "la-la-la ..." for entire 
duration of the 10 second interval (articulatory suppression).
In the control conditions subjects did nothing while the 10 seconds elapsed.
-154-
Experimental procedure
The order of presentation of the interference tasks were varied across 
subjects. One third {n—5 approx.) of subjects completed each of three possible 
presentation orders:
Order 1 = control - visuo-spatial - verbal 
Order 2 =  verbal - control - visuo-spatial 
Order 3 = visuo-spatial - verbal - control
Within both the intra- and cross-modal groups the order of presentation of two 
matching conditions was counterbalanced. In each interference task 50% of 
subjects completed visual response conditions prior to the kinaesthetic response 
conditions. In addition, six pseudo random orders of presentation for the second 
tile were generated (with the constraint that of the five second tiles used: 1 = 
same, 1 =  larger and 1 = smaller). Thus, for each set of five repeated trials, six 
possible permutation were developed. The six orders of presentation were used in 
conjunction with matching condition (2) x interference task (3), for both intra- and 
cross-modal groups. The particular pairing of order of presentation of second tiles 
with each combination of matching condition and interference task depended on 
whether subjects completed interference task order 1, 2, or 3 (see above).
In total each subject made 30 judgements: 2 x (matching condition) 3 x 
(interference task) 5 x (second tüe presentation).
Results
Treatment of results
Experiment 8 used two independent groups of subjects: one intra-modal and 
one cross-modal, consequently subjects in both groups completed judgements using 
visual and kinaesthetic input modes and visual and kinaesthetic response methods. 
However performance has been analysed using an independent groups design 
(rather than a partiaUy repeated measures design). Independent analysis was used 
because 1) it is questionable whether there are sufficient repeated measures for a 
valid paitiaUy repeated measures design and 2) an independent groups design is a 
more conservative analysis.
Judgements were analysed in terms of tliree types of score 1) response time, 2)
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response time in the interference condition minus response time in the control 
condition and 3) the percentage of correct judgements.
Analysis of response times
Table 5.12 shows the mean across subjects response time (seconds) for each 
interference condition and each matching condition.
Table 5.12. Mean across subjects response time (seconds) and standard 
deviations, for each combination of interference condition and matching 
condition group, collapsed across five repeated trials.
M.C. INTERFERENCE CONDITION Mean
Control Visuo-spatial Verbal
V-V 3.12 5.89 3.13 4.05
(0.51) (1.23) (1.63) (0.70)
V-K 8.07 6.19 7.37 7.21
(3.57) (0.49) (0.58) (1.27)
K-K 8.50 11.09 8.96 9.52
(1.48) (1.98) (2.84) (1.50)
K-V 4.06 3.68 4.26 4.00
(0.57) (1.38) (0.88) (0.56)
Mean 5.94 6.71 5.93
(3.05) (3.04) (2.88)
A three way analysis of variance for independent groups (interference 
condition (3) x response method (2) x input mode (2)), indicated a significant main 
effect of input mode (F = 128.86; df=l,28; p < 0.001). The mean response times 
indicated that when the input was visual subjects responded faster than when the 
input was kinaesthetic. The mean response time in visual input conditions was 
5.63 sec. and 6.76 sec. in kinaesthetic input conditions.
A second significant main effect was found for response method (F=8.68; 
df= l,28; p =0.006), This indicated that visual responses were faster than 
kinaesthetic responses. The mean across subjects response time when a visual 
response method was used was 4.02 sec. compared to 8.36 sec. when a 
kinaesthetic response was used.
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A significant interaction effect was also found between input mode and 
response method (F=9.49; df=l,28; p=0.005). Table 5.13 shows the mean 
response times for subjects in each of the four combinations of input and response 
methods, and indicates that judgements were made considerably faster when a 
visual response was required. In addition, table 5.13 also indicates that the greater 
the visual component of the task the faster the response; that is, judgements made 
by the V-V group were fastest, judgements made by the K-K were slowest and of 
the cross-modal groups the visual response groups responded faster than the 
kinaesthetic response group.
Table 5.13. Mean across subjects response times (seconds), for each 
combination of input mode and response method collapsed across interference 
condition.
RESPONSE INPUT MODE
METHOD Visual Kinaestlietic
Visual 4.05 4.00
Kinaesthetic 7.21 9.52
Finally, a three way interaction was found between input mode, response 
method and interference task (F=13.16; df=2,56; p <  0.001). Table 5.12 (above) 
indicates that in addition to kinaesthetic input and response methods having longer 
response time than visual response conditions, across the four matching condition 
groups, response times in the control and verbal conditions were similar, and 
substantial increases in the response times were found only in the visuo-spatial 
interference group and within the two intra-modal conditions.
Analysis of response times, difference between control and mterference 
conditions
The above analysis indicated when a kinaesthetic response was required 
subjects took longer to respond than when a visual response was used. This is not 
surprising as acquiring size information through touch is extended in time. For 
this reason, judgements made in the interference conditions have been converted to 
difference scores; that is, response time interference condition minus response time 
control condition. Thus, this form of score indicates the amount by which each
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interference task changed response times, within each matching condition group.
A negative score indicates that response time in the interference condition was 
faster than in the control condition.
Table 5.14 shows mean across subjects response times as a difference from the 
response time in the control condition, for both the visuo-spatial and verbal 
interference conditions and each matching condition group.
Table 5.14. Mean across subjects difference response time (seconds) and 
standard deviations, for the visuo-spatial and verbal interference conditions 
and matching condition groups, collapsed across five repeated trials.
MATCHING
CONDITION
GROUP
INTERFERENCE TASK Mean
Visuo-spatial Verbal
V-V 2.77 0.01 1.39
(1.48) (1.38) (0.92)
V-K -1.88 -0.70 -1.29
(3.48) (3.56) (3.50)
K-K 2,58 0.45 1.52
(1.07) (3.09) (1.58)
K-V -0.37 0.20 -0.09
(1.41) (0.88) (0.73)
Mean 0.78 -0.01
(2.82) (2.41)
A three way analysis of variance for independent groups (interference task (2) 
X input mode (2) x response mode (2)) indicated no significant main effects, but 
interactions were found between input mode and response method (F = 15.37; 
df=5,24, p < 0.001)’". Table 5,15 shows the mean across subjects response times 
in each combination of input mode and response method. It can be seen that when 
the effects of longer kinaesthetic responses are controlled for visual response 
conditions were no longer completed dramatically faster than kinaesthetic 
response conditions. Table 5.15 also shows that in the two cross-modal matching 
conditions negative scores were found. This indicates that within these conditions 
the mean response time in the interference trial was shorter than the mean 
response time for control trial.
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Table 5.15. Mean across subjects difference response times (seconds), for each
combination of input mode and response method collapsed across interference
condition.
RESPONSE INPUT MODE
METHOD Visual Kinaesthetic
Visual 1.39 -0.09
Kinaesthetic -1.29 1.52
Both input mode and response method were found to interact with the 
interference task. Table 5.16 shows the mean response times, as a difference from 
the control condition in visuo-spatial and verbal interference tasks for both visual 
and kinaesthetic input conditions. It shows that judgements in the visuo-spatial 
interference condition took longer to complete than those in the verbal interference 
condition, and that when collapsed across response mode, judgements made in the 
interference trials were faster than those in the control trials in conditions of visual 
input and verbal mterference.
Table 5.16. Mean across subjects difference response times (seconds), for each 
combination of input mode and mterference task, collapsed across response 
method.
INPUT MODE INTERFERENCE TASK
Visuo-spatial Verbal
Visual 0.44 -0,34
Kinaesthetic 1.10 0.32
Table 5.17 shows the mean response times, as a difference from the control 
condition in visuo-spatial and verbal interference tasks for both visual and 
kinaesthetic response method conditions. This again shows that judgements took 
longer to make in the visuo-spatial mterference conditions. The relatively small 
size of scores indicates that judgements made m aU conditions except visuo-spatial 
interference with a visual response method, varied little between control and 
interference conditions.
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Table 5.17, Mean across subjects difference response times (seconds), for each 
combination of response method and interference task collapsed across input 
mode.
RESPONSE INTERFERENCE TASK
METHOD Visuo-spatial Verbal
Visual 1.20 0.10
Kinaesthetic 0.35 -0.12
Analysis of percentage of correct judgements
Table 5.18 shows the mean percentage correct judgements made in each 
interference task, by subjects in each of the four matching conditions.
Table 5.18. Mean across subjects percentage correct responses (%) and 
standard deviations, for the visuo-spatial and verbal interference conditions 
and matching condition groups, collapsed across five repeated trials.
MATCHING
CONDITION
GROUP
INTERFERENCE CONDITION Mean
Control Visuo-spatial Verbal
V-V 82.50 90.00 82.50 85.00
(16.69) (10.69) (12.82) (11.13)
V-K 55.00 52.50 60.00 55.83
(20.70) (10.35) (15.12) (12.82)
K-K 52.50 75.00 55.00 60.83
(21.21) (14.14) (27.77) (10.35)
K-V 57.50 55.00 45.00 52.50
(19.82) (23.30) (14.14) (10.35)
Mean 61.88 68.13 60.62
(22.35) (21.47) (22.42)
A three way analysis of variance for independent groups (interference (3) x 
input mode (2) x response mode (2)) indicated a significant main effect of input 
mode (F=6.91; df= l,28; p =0.014). The mean percentage correct responses in 
visual input conditions was 70.41 % compared to 56.65% in kinaesthetic input 
conditions. This indicates that not only were subjects quicker to respond when a 
visual input was used (see above), but the judgements were also more accurate in 
visual input conditions.
Response mode was also found to significantly effect the accuracy of
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judgements (F=12.04; df= l,28, p =0.002). The mean percentage accuracy in 
visual response conditions was 68.75% and 58.33% in kinaesthetic response 
conditions. This again indicates that visual response conditions produced the most 
accurate responses.
Finally, a significant interaction was found between input mode and response 
method (F=22.39; df= l,28; p < 0.001). Table 5.19 shows the mean percentage 
correct judgements in each combination of input mode and response method, and 
indicates judgements made in V-V matching conditions were the most accurate, 
and that intra-modal judgements were more accurate than cross-modal judgements.
Table 5.19. Mean across subjects difference response times (seconds), for each 
combination of input mode and response method collapsed across interference 
condition.
RESPONSE INPUT MODE
METHOD Visual Kinaestlietic
Visual 85.00 52.50
Kinaestlietic 55.83 60.83
Correlations between response time and percentage correct scores
In the cross-modal conditions, response times were faster in the interference 
conditions than in the control condition, and the percentage of correct judgements 
was lower than in intra-modal conditions. To test whether this represents a 
significant speed/accuracy trade-off, percentage correct and response time scores 
were correlated. Table 3,20 shows the Pearson product moment correlation co­
efficients and levels of significance for each pairing of response time and 
percentage correct scores, within each interference condition and matching 
condition group. Table 3.20 indicates that within the cross-modal groups negative 
correlations were found for five of the six combinations of interference task x 
matching condition. However, only one of these effects was significant.
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Table 5.20, Pearson product moment correlations and levels of significance for 
each pairing of response time (seconds) and percentage of correct responses 
(%), within each interference task and within each matching condition group.
MATCHING
CONDITION
GROUP
INTERFERENCE TASK
Control Visuo-spatial Verbal
V-V r=-0.76 r=0.12 r=-0.34
p=0.05 n/s n/s
V-K r=-0.38 r=-0.58 r=0.35
n/s n/s n/s
K-K r=0.89 r=-0.09 r=-0.92
p=0.01 a/s p=0.01
K-V r=-0.70 r=-0.69 r=-0.18
p=0.05 n/s n/s
Discussion
Experiment 8 was a development of Experiment 7, in which the effects of 
visuo-spatial and verbal interference were found to be ambiguous. The 
Introduction proposed that altering the nature of the recall task and the verbal 
interference task, would distil the respective verbal and visuo-spatial elements of 
the tasks. Thus, it was predicted that visuo-spatial interference would disrupt 
performance, but verbal interference would have no effect. The results failed to 
support this prediction, in as far as no main effect of interference condition was 
found. However, response times were found to vaiy across interference conditions 
when considered in conjunction with either or both, input mode and response 
method (analysis of response times). Within these interactions the longest 
response times were consistently found in the visuo-spatial interference condition. 
Thus, the predicted effects of interference tasks were partially supported, and the 
rationale that the generation of modality exclusive interference requires relatively 
selective conditions, was also justified.
In relation to the Working Memory model, the effect of the interference task 
has two implications. Firstly, it suggests that the short-term storage of non-verbal 
infoimation (both visual and kinaesthetic) may be within a system such as that 
proposed by Baddeley and Hitch; that is, a system with discernable visuo-spatial 
and verbal elements. Secondly, if as suggested above the type of task (the
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interference task and/or the recall task) is important in determining whether 
interference is found, then this suggests that under nonnal circumstances short­
term storage is a flexible and adaptive system, which can accommodate 
information provided and recalled under a range of circumstances; for example, it 
can be tentatively suggested that in order to maximise the efficient storage of 
information the central executive may facilitate ‘translation’ of information 
between the slave systems.
In addition to the effects of interference tasks, the results consistently indicated 
that whether visual or kinaesthetic information was used affected response times. 
The first analysis reported that judgements made used using visual input were 
faster than those made with kinaesthetic input. This effect was consistent with a 
modality adeptness explanation (Pick, 1970), in which visual information is 
particulary suited to processing visuo-spatial information, thus incoming 
kinaesthetic information must be translated into a visual code, and as translation 
introduces noise, this accounts for the greater error in kinaesthetic input 
conditions. Thus, the prediction made in the Introduction, that judgements based 
on visual standards would be more accurate than kinaesthetic was supported.
Secondly, it was found (unsurprisingly) that kinaesthetic response times were 
longer than visual responses times. This difference was attributed to the fact that 
kinaesthetically detected information was essentially serial, whereas visual 
information was available in a parallel form. Therefore, to test whether the effect 
of response method was robust across the difference between serial and parallel 
information, response times were measured from a baseline provided by the 
control condition. This form of analysis indicated no main effects of input mode 
or response method, but an interaction between the two factors was found. This 
showed that relative to the control condition, response time increased in the two 
intra-modal conditions and decreased in the cross-modal conditions. When 
considered in conjunction with the percentage correct scores, which indicated the 
same interaction in which intra-modal conditions were more accurately recalled 
than cross-modal conditions. It was suggested that there may be a speed accuracy 
trade-off, at least in relation to cross-modal perfonnance. However, correlations 
between response time scores and percentage correct scores indicated only one 
significant correlation within the cross-modal groups, which was mot in the 
predicted direction. The correlational analysis also indicated that across all
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matcliing condition groups, the direction of the majority of correlations (8/12) 
were negative. This indicated a general trend for fast response times to be 
associated with high accuracy, which is in direct contrast to the speed/ accuracy 
trade-off argument. One possible explanation for this may be that recall of size 
was ‘all or nothing’; that is, subjects either remembered the information and were 
able to make a quick and accurate response or they were uncertain as to size and 
took longer to make a decision, which was more likely to be wrong.
Finally, based on Freides (1975) paper, it was predicted that the pattern of 
accuracy across matching conditions would vary between Experiment 7 and 
Experiment 8. Using absolute error scores (Experiment 7) and percentage correct 
scores (Experiment 8). It was found that in both experiments intra-modal 
judgements were more accurate than cross-modal. Tliis pattern of accuracy across 
matching conditions is therefore compatible with Connolly and Jones’s claims that 
cross-modal performance is subjects to a source of variation (translation) not found 
in intra-modal performance. Thus, no evidence was found to support Freides 
argument that the complexity of information is a reliable determiner of accuracy 
across matching conditions.
Therefore overall, the results of Experiment 8 did indicate some evidence to 
suggest that subjects’ ability to recall the size of an irregular shape was affected by 
a visuo-spatial but not by a verbal interference task. However, this evidence was 
not conclusive, as firstly, no main effect of interference task was found, and 
secondly the effects which were found, were limited to response time scores. The 
modality of information (input and response) was found to influence judgements in 
respect to both length of response time and percentage of correct judgements, but 
the overall pattern of accuracy was not found to be substantially different to that 
reported in Experiment 7.
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Chapter Six
General Discussion
"The enjoyment o f .. .  objects (is) by the five senses of hearing, feeling, 
seeing, tasting and smelling, assisted by the mind together with the soul." The 
Kama Sutra (Burton and Arbuthnot, 1988:102).
Although not originally intended as a comment on perceptual-motor action, the 
above quotation identifies two of the central concerns of the preceding series of 
experiments. Firstly, perception may be based on information from more than one 
sensory modality, and secondly, sensory input alone may not be sufficient for 
perception, in which case some form of additional processing may be required. 
Experiments 1 to 8 have investigated these two issues in relation to the ability of 
individuals to carry out everyday tasks such as stepping across obstacles, replacing 
objects and recalling the size of objects.
In the Introduction a ‘working’ model of perceptual-motor action was 
proposed, this stated that the performance of everyday actions comprised three 
basic operations; 1) the detection of information, 2) the short-term storage of 
information and 3) the control/ monitoring of action. This thesis has considered 
ways in which the first two of these operations may influence performance, and 
has assessed the extent to which a range of experimental findings support or 
diverge from the predictions of established models of performance; primarily 
Connolly and Jones (1970) and Baddeley and Hitch’s (1974) Working Memoiy 
model. The following sections consider the findings of Experiments 1 to 8 across 
individual experiments, and discuss the results in relation to six specific headings: 
1) the accumcy of recall, 2) how distance information is stored, 3) the relative 
accuracy of matching conditions: evidence for ComioUy and Jones’s model ?, 4) 
further evidence for and against Connolly and Jones’s model, 5) does sensory 
modality specific storage exist: resolution or translation ?, 6) recommendations for 
future research.
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The accuracy of recall
The common component of Experiments 1 to 7 was that subjects recalled 
distance information. In Experiments 1 and 2, the distance was maximum step 
length, and in Experiments 3 to 7 the distance was an experimenter deüned 
criterion distance. Table 6.1 shows the levels of significance for the main effect 
of criterion distance in Experiments 1 to 7. It can be seen that only Experiment 4 
showed no main effect of criterion distance, (although a significant interaction of 
distance and direction of movement was found).
Table 6.1, Levels of significance for the main effect of criterion distance, 
within Experiments 1 to 7.
EXPERIMENT ERROR SCORE
A.E C.E % (A.E) % (C.E)
Experiment 1 ***
Experiment 2 *
Experiment 3 * * *** ***
Experiment 4
Experiment 5 ***
Experiment 6 
(Analysis Two)
** * ***
Experiment 7 * *** *** ***
Legend 
* =  p < 0 .0 5
** =  p < 0 .0 1  
*** _  p <0.001
Across experiments the mean error scores indicated no simple relationship 
between distance and error, although two consistent trends were identified.
Firstly, increasing distance resulted in increased error (A.E). The Discussion 
sections of individual experiments suggested two explanations for the effect of 
distance. The first stated that the increase in error was due to distance information 
being stored in an analogue form. This claim is based on findings such as those 
reported by Kosslyn (1973), Shepard and Metzler (1971) and Paivio (1975a) which 
indicated that imagery preserves dimensions such as length and size and distance. 
Thus, it was speculated that longer criterion distances were associated with greater
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error due to either, the ‘amount’ of information to be recalled or the increased 
processing effort. The second explanation was in terms of just-noticeable- 
differences, this also proposed that error was proportionately related to the amount 
of distance information presented. However, analysis of percentage error scores 
suggested that neither of these explanations were correct. Firstly, the analogue 
explanation implies that increasing distance should increase the percentage error. 
The mean eiTor absolute proportional error scores (Experiments 3, 6 and 7) all 
indicated the reverse effect; that is, error was a smaller percentage of the criterion 
distance at longer distances. Secondly, if error was due to just-noticeable- 
differences, proportional error should be constant across distance. This was also 
not found.
In addition to increasing error, increasing criterion distance was also found to 
alter the direction of error; that is, under estimation was found only at longer 
distances. This effect is not novel, Laabs (1973) reported the same effect for 
kinaesthetic distance judgements. Laabs suggested that this was due to a central 
tendency effect, and cited Hollingworth (1909) as claiming that shorter movements 
tend to be over-shot and longer movements under shot. However, Laabs did not 
provide an explanation for why this effect was observed. An explanation for the 
directionality of error was proposed in Experiments 1 and 2, This stated that 
under estimation of ability at longer distances may be an ecologically sensible 
strategy, as underestimating ability may save the observer from 1) the unnecessary 
expenditure of energy, and 2) the possible unpleasant consequences of an over 
ambitious action. However, when considering distance judgements in the range 
9.5cm to 54cm, the argument of adaptive reserve is not so convincing, as there is 
no obvious ecological advantage in under estimating such small scale judgements. 
An alternative explanation may be proposed in terms of an effect similar to the 
‘visual compression of space’ (which is normally considered to operate in relation 
to receding distance, rather than transverse distance). Support for this explanation 
was found in Experiments 3, 5 and 7, which aU reported that judgements made 
using visual input showed greater constant error than kinaesthetic input conditions, 
and that greater under estimation was found m visual input conditions 
(Experiments 5 and 7). However, this explanation is only partial, as increasing 
under estimation was also found in relation to kinaesthetic judgement, but not to 
the same extent,
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In summary, altering the distance to be reproduced resulted in a consistent 
effect on judgements. The change in size of error with distance cannot be 
explained in tenus of an explanation relying on a constant value, and nor in tenus 
of simple proportional relationship. The directionality of error (particularly in 
Experiments 3 to 7) is also difficult to account for, but the interaction between 
input and distance tentatively suggests that a partial explanation may be in terms of 
a systematic flaw in the visual perception of distance. However, given the 
consistency with which the effect of distance was found, it may be appropriate that 
future studies give more consideration to this factor, particulary if the results are 
to be used in an applied setting.
How is distance information stored ?
The results show that distance is an important and reliable determiner of the 
accuracy of reproduction, both within and across modalities. Thus, the question 
addressed in this section is not what effect distance has, but how is distance 
information stored ? Experiment 3 recognised that distance can be considered as 
either the location of an end point or the length (extent) between two locations. In 
order to investigate which of these two potential sources of information subjects 
use, and more importantly in what form these two types of information may be 
coded, Experiment 3 separated location and extent information.
The results suggested that subjects normally identify distance in terms of the 
location of the end point, and that across distance both visual and kinaesthetic 
judgements were equally accurate. The failure to find an interaction between 
matching condition and type of distance information was significant, as this 
implied that differences in the accuracy of location and extent were not due to 
modality differences in the nature of coding.
An alternative explanation for the differences in accuracy with which location 
and extent was proposed in terms of a ‘landmark’ based form of coding, in which 
the end location of the distance is referenced in relation to some other stable 
feature of the environment; for example, the individuals own body (ego centric 
coding) or the walls of the box (geo-centric coding). It was proposed that 
differences in accuracy arose because the stored information was more useful 
when recalling location than extent.
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In order to investigate whether subjects did code distance in terms of the 
distance of the end location form their own body (ego centric coding), Experiment 
4 compared the accuracy of judgements made in two directions. The results 
tentatively indicated geo-centric rather than ego-centric coding was used, and that 
the accuracy of judgements in each direction depended on the use of visual or 
kinaesthetic information.
Thus, in relation to establishing in what form distance information is coded, 
the results of Experiments 3 suggested that it is the location of the end point which 
is remembered. Experiment 4 suggested that distance was not remembered in 
terms of the number of units (centimetres etc.) from the starting point, rather that 
subjects remembered the presented distance in terms of the distance of the end 
point from a particular landmark, in the case of Experiment 4 this landmark 
appeared to be the left hand wall of the box.
The relative accuracy of matching conditions: evidence for Connolly and Jones 
(1970) ?
A further question addressed in this thesis was the ability of subjects to 
perform judgements both intra-modally and cross-modally. This issue was 
addressed partly because in ‘real world’ situations everyday tasks are frequently 
multi-modal, but possibly more importantly cross-modal performance was 
investigated as a means of investigating whether short-term storage operated on the 
basis of sensory modality specific codes and or stores (as suggested by Connolly 
and Jones, 1970). Connolly and Jones’s model was developed on the basis of the 
results from a single experiment. Thus, if Connolly and Jones’s original results 
were not reliable, then the validity of the entire model is jeopardised. Table 6.2 
shows the relative accuracy of matching conditions across Experiments 1 to 8.
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Table 6,2. Summary of the relative accuracy of matching conditions in
Experiments 3 to 8,
E X P E R I M E N T R E L A T I V E  O R D E R  O F  
A C C U R A C Y  •
T Y P E  O F  E R R O R  
M E A S U R E
E x p e r i m e n t  3 N o  s i g n i f i c a n t  d i f f e r e n c e s  
b e t w e e n  V - V  a n d  K - K .
E x p e r i m e n t  4 N o  m a i n  e f f e c t  b e t w e e n  V - V  
a n d  K - K .
E x p e r i m e n t  5 K - V ,  V - K . A . E
E x p e r i m e n t  6  
( A n a l y s i s  T w o )
K - K ,  V - V ,  V - K ,  K - V . C . E
E x p e r i m e n t  7 K - K ,  V - V ,  K - V ,  V - K .  
V - V ,  K - V ,  K - K ,  V - K .
A . E
C . E
E x p e r i m e n t  8 K - V ,  V - K ,  V - V ,  K - K .  
V - V ,  K - K ,  V - K ,  K - V .
R e s p o n s e  t i m e  
( A n a l y s i s  T w o )  
%  c o r r e c t
* Listed in order of increasing error.
Although, table 6.2 indicates considerable variability in the accuracy of 
matching conditions, three consistent trends can be identified. Firstly, when only 
the two intra-modal matching conditions were present, no differences were found 
between V-V and K-K judgements. Secondly, when judgements were compared 
across all four matching conditions (Experiments 6, 7 and 8) evidence of an 
interaction between input and response was always found. Thirdly, in these 
experiments, where an interaction of input mode and response method was found, 
judgements in the V-V condition were more accurate than judgements in either 
cross-modal condition. These trends suggest that there is some evidence of 
consistency in the relative accuracy of matching conditions across experimental 
situations. This is important, as it suggests an underlying structure to 
perfonnance, and that the accuracy of matching conditions across experiments is 
not wholly idiosyncratic. Also, the three trends identified above are broadly in 
line with Connolly and Jones’s findings; that is, intra-modal performance is 
generally more accurate than cross-modal, and V-V is generally the most accurate 
matching condition.
However, the results shown in table 6.2 failed to support two of Connolly and 
Jones’s other predictions. Firstly, no difference was found between visual and
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kinaesthetic intra-modal conditions. This suggests that either, separate modality 
stores do not exist, or that both stores are equally stable across time. Both of 
these options are incompatible with Connolly and Jones’s proposals. Secondly, V- 
K judgements were not found to be less accurate than K-V judgements. In fact the 
opposite effect was indicated, in Experiments 6, 7 and 8 K-V judgements were the 
least accurate of all four matching conditions.
Thus, only limited evidence in support of the pattern of accuracy reported by 
Connolly and Jones was found. However, due to the variety of experimental 
procedures used, it would perhaps be remarkable if a single order of accuracy had 
emerged. Thus, the limited consistency which was found may be a more 
convincing argument for the existence of an underlying process, than was initially 
apparent. Finally, an important, although often overlooked issue in relation to the 
relative accuracy of matching conditions is that, the relative accuracy of 
performance can vary depending on the particular error measure used. Therefore, 
results should be considered in relation to the particular error measure being used, 
and ideally, although cumbersome, both A.E and C.E measures should always be 
reported.
Further evidence for and against Connolly and Jones’s model
The accuracy of matching conditions can be used as one indicator of the 
‘correctness’ of Connolly and Jones’s model. A more direct test of the model is 
to investigate its robustness, and it’s ability to predict performance. Experiment 5 
investigated whether asymmetry exists between cross-modal matching conditions; 
that is, whether K-V performance was more accurate and less variable than V-K 
performance. The results found clear differences between V-K and K-V 
judgements, in which K-V judgements were more accurate than V-K. However, 
witliin Experiment 5 other important findings failed to support Connolly and 
Jones’s predictions, specifically the effects of an increasing time interval, the 
results of variable error and ‘forgetting’ scores.
Experiment 6 investigated whether evidence could be found to support 
Connolly and Jones claim that translation preceded short-tenn storage. This was 
achieved by withholding knowledge of the response method. Jones and Connolly 
(1970) predicted that in such conditions, cross-modal judgements would reflect the 
characteristics of the input mode, rather than the response mode. Partial support
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for this effect was found in relation to constant error values, but the intemction 
indicated that performance was most accurate when information was maintained in 
a kinaesthetic store, this is contrary to Connolly and Jones’s predictions.
Newell, Shapiro and Carlton (1979) claimed that if translation preceded short­
term storage then withholding knowledge of the response mode should disrupt 
performance. The results of Experiment 6 showed an effect of withholding 
knowledge of the response mode, but contrary to disrupting performance, error in 
the late instruction time conditions was smaller than in early conditions. Two 
explanations for this effect were proposed. Firstly, in the absence of information 
about the response mode, information remained in a long-term store (as indirectly 
suggested by Connolly and Jones), where it was more accurately retained across 
time than information which had (been translated and) entered into short-term 
storage. Alternatively, it was suggested that judgements consisted of instructions 
(criterion distance) and a product (response), and that memory for the instructions 
was more reliable but also more attention demanding that memory for the product. 
This highly speculative suggestion was seen to have parallels within the Working 
Memory model; that is, incomplete information is maintained within the Central 
Executive, and because the ‘slave’ systems are modality specific (verbal and visuo- 
spatial) information cannot pass from the Central Executive to the slave system, 
until it is known which slave system is appropriate. Thus, the results of 
Experiment 6 indicated that delaying knowledge of the response method effects 
judgements, but that the direction of the effect appears inconsistent with Connolly 
and Jones’s model, and an alternative explanation may be in terms of the Working 
Memory model.
Experiments 7 and 8 were designed to investigate whether evidence of the 
effects of separate visuo-spatial and verbal storage systems could be isolated. 
Experiment 7 investigated the effects of interpolated interference tasks on subjects’ 
ability to reproduce distance information. The results indicated that both verbal 
and visuo-spatial interference tasks effected performance. Several possible reason 
were proposed for this, one of the most probable being that, since a sequential 
presentation of criterion distance and interference task was used, the effect of the 
interference information was on the rehearsal process not the encoding process. 
Experiment 8 used a shape recognition task and found indications that visuo-spatial 
interference disrupted performance (response times) more than a verbal
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interference task.
Overall, the results suggested that Connolly and Jones’s model of performance 
was not robust, as a number of findings not only failed to support, but were in 
direct contrast to the predictions of Connolly and Jones’s model. In particular, the 
improvement in performance as a result of delaying knowledge of the response 
method suggests that Connolly and Jones’s model is at least incomplete, as it 
appears not to be able to provide any viable explanation for performance.
Does sensory modality specific storage exist: translation or resolution ?
The assumption that sensory modality specific storage exists is central to 
Connolly and Jones’s model. In support of this claim, Connolly and Jones cite the 
differences between judgements made in visual and kinaesthetic matching 
conditions. However, as identified in Experiment 6 the finding that judgements 
vary across matching conditions is not necessarily evidence for separate stores, 
since differences between visual and kinaesthetic judgements may be due to the 
differing resolution of information to and from a single store (Gibson, 1950), or 
stores which are not necessarily categorised on the basis of sensory modality, for 
example the Working Memory model.
The main practical problems associated with investigating the nature of stores, 
were demonstrated in Experiment 6, where it was shown that even if differences in 
performance are found as a result of using a differing response methods, it is 
difficult to link this with the existence (or non-existence) of a particular code or 
store. Despite this, an understanding of the nature of stores (and codes) is 
potentially vital for a full understanding of everyday performance; since if 
modality specific stores exist, this would strongly support that view that some 
form of translation or conversion of information between stores is necessary. In 
addition, if translation was found to be necessary, this would also support 
Connolly and Jones explanation for why increased variation is found in cross- 
modal conditions, that is, translation introduces noise. In contrast, if a single or 
very limited number of stores exist, then the issue of translating information is no 
longer as pertinent, and an alternative explanation for the increase in error in 
cross-modal conditions is required. Thus a clarification of the number, nature and 
role of codes and stores represents an important area for future research. A 
proposal for an experiment which may help to identify whether a separate
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kinaesthetic store exists is outlined below (‘Proposals for future studies’)
Recommendations for future research
Recommendations for future research, can be divided into two categories. 
Firstly, general recommendations and secondly, suggestions for future studies.
General recommendations
It is apparent from Experiments 1 to 8 that relatively small changes in the task 
can influence the overall pattern of accuracy between matching conditions, as can 
the selective reporting of error measures. Therefore, it may be inappropriate to 
cite the variation in inter-study results as evidence against a particular model, as 
the more fundamental question is why do these variations occur ?, and what do the 
existence of the variations indicate about judgements ?
Secondly, on a practical level subjects were asked to complete visual and 
kinaesthetic judgements by remembering the position of a handle along a track. 
Subjects were explicitly told not to attempt to deliberately measure the position of 
the handle; for example, by measuring the number of hand lengths. However, 
there are various other ways in which position information can be remembered; 
for example, aligning the position of the handle with a body part or visually 
fixating on the end location. If, subjects used such physical strategies when 
remembering the criterion distance, rather than the intended cognitive based 
strategy, it would be questionable to what extent judgements reflect the 
characteristics of processes; such as, spatial perception and short-term memory. 
Therefore, it is recommended that in future studies consideration is given to 
verifying that subjects do not use a physical method for remembering the criterion.
Proposals for future studies
One of the central problems for cross-modal studies is distinguishing between 
the effects of differing stores/codes and the effects of resolution. One experiment 
which may help to separate the two effects would be to use an kinaesthetic 
interference task; for example, reaching into a container of sand or pebbles to find 
a ‘lost’ object. This task has a high kinaesthetic sensoiy component, but low 
visual and spatial elements. Thus, any interference effects should be limited to the 
kinaesthetic storage system. If, separate visual and kinaesthetic stores exist and
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these have a limited capacity, the kinaesthetic interference task should disrupt 
kinaesthetic judgements but not visual judgements. Whereas, if all information 
was processed by a store which did not distinguish between visual and kinaesthetic 
infonnation the interference task should effect performance in both modalities. In 
which case, this would suggest that since a separate kinaesthetic store could not be 
identified, differences in visual and kinaesthetic perfonnance may be due to 
diffeiing resolution ratios.
A second study which would also help to clarify the nature of short-term 
stores, was suggested by Experiment 6, in which withholding knowledge of the 
response method was found to reduce error. It was suggested that this may have 
been because memory for the input information (instructions) was more attention 
demanding than memory for the response. Further, it was suggested that this 
explanation was consistent with many of the proposals of Baddeley and Hitch’s 
Working Memory model, in which information may be held in the Central 
Executive prior to entering the appropriate slave system. If the above were 
correct, then the introduction of a sequential interference task should affect 
performance in the late instruction time conditions more than in the early 
instruction time conditions. This is because, the processing requirements of the 
secondary task should exceed the capacity of the Central Executive. In addition, 
because information is (believed to be) held in the Central Executive, the form of 
the interference task (visuo-spatial or verbal), should have no effect on 
performance. In early instruction time conditions a visuo-spatial interference task 
should have most disruptive effect on performance. This is predicted because in 
the early instruction time conditions, information should be held in the appropriate 
slave system, rather than the Central Executive.
A second consideration for future studies is that although it was the explicit 
aim of this thesis to consider the performance of everyday action, and while 
reaching for and replacing objects and stepping across obstacles do, up to a point, 
represent such everyday tasks, the context in which subjects were presented with 
and reproduced distances was highly controlled. Thus, it can be considered that 
the results obtained do not mirror ‘real world’ activity, and therefore do not 
necessarily contribute to an understanding of everyday performance. Common 
sense support for this criticism is that adults rarely spill cups of coffee, or fall into 
puddles. However, whilst it would be erroneous to criticise the experiments
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within this thesis for their lack of ecological validity, an interesting complimentaiy 
study would be to investigate perfonnance in relation to a more ‘real world’ or 
possibly an applied setting.
Finally, there are number of aspects of performance which have not been 
considered within the above experiments, but which may be crucial to the 
understanding of everyday action. Firstly, the role of imagery. One of the most 
significant indications that the ability to form and access images is important in 
information storage, has been the number of researchers who have proposed the 
existence of a visually based image supporting medium; for example, the visuo- 
spatial scratch pad (Baddeley and Hitch; 1974), the visual buffer (Kosslyn et al.; 
1986) and a short-term visual store (Humphreys and Bruce; 1989). Thus, it may 
be appropriate for future studies to further investigate the relationship between the 
ability to use mental imagery and the accuracy of perceptual-motor performance.
Finally, Experiments I to 8 have investigated the role of cognitive factors in 
affecting perceptual-motor judgements. However, as proposed in the Introduction, 
the three basic components of performance can be considered to be; the detection 
of spatial information, short-term storage and execution/control of action. The 
third of these aspects of performance represents a psycho-physiological problem, 
and has not been considered in the above experiments. Despite this, it should be 
recognised that performance is ultimately dependant on the ability to translate 
cognitive information into a physical act, and therefore consideration of research 
from a neuro psychological perspective may also prove necessary in understanding 
the factors which determine the accuracy of everyday actions.
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Appendix A
Experiment 3: Mean across subjects error scores and results of analysis of
variance, based on the length of response movement
The analyses reported below, are based on trials in which the total movement 
distance was the same; that is, judgements are compared across trials which 
required the same length of movement in order to reach the target. In these 
analyses only three movement distances are considered (9.5cm, 28.5cm and 
42.5cm). This was because in the location condition no trial required a movement 
distance of 54cm (see, Procedure in main body of thesis).
Absolute error scores
Tables A1 and A2 show the mean across subjects absolute error scores for 
each combination of position information condition, movement distance in the 
visual and kinaesthetic matching conditions. Table A1 shows the mean error 
scores within the visual matching and table A2 shows the mean error scores within 
the kinaesthetic matching condition.
Table A l. Mean across subjects absolute error scores (centimetres) and 
standard deviations, for each combination of position information and 
movement distance, in the visual matching condition.
MOVEMENT POSITION INFORMATION (V-V) MeanDISTANCE Control Location Extent
9.5cm 0.79 3.13 4.58 2.83(0.50) (6.58) (2.33) (2.37)
28.5cm 1.54 1.50 4.29 2.44(1.71) (1.98) (4.76) (1.73)
42.5cm 0.67 0.96 7.13 2.92(0.58) (0.86) (6.17) (1.99)
Mean 1.00(0.81)
1.86
(2.95)
5.33
(3.04)
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Table A2. Mean across subjects absolute error scores (centimetres) and
standard deviations, for each combination of position information and
movement distance, in the kinaesthetic matching condition.
MOVEMENT POSITION INFORMATION (K-K) MeanDISTANCE Control Location Extent
9.5cm 1.33 2.04 2.50 1.96(1.30) (1.89) (2.07) (1.02)
28.5cm 2.67 2.29 4.79 3.25(2.38) (2.37) (3.76) (1.67)
42.5cm 2.33 3.17 7.71 4.40(4.58) (4.63) (7.24) (4.77)
Mean 2.11(1.96)
2.50
(2.07)
5.00
(2.74)
A three way analysis of variance (position information (3) x matching 
condition (2) x movement distance (3)) with repeated measures on all factors, 
indicated a highly significant main effects for:
Position information (F = 16.74; df=2,22; p < 0.001).
Position information x movement distance (F==3.03; df=4,44; p =0.027).
Table A3 shows the mean error scores collapsed across matching condition, for 
each movement distance condition and position information condition, also the 
mean error within each position information condition collapsed across movement 
distance.
Table A3. Mean across subjects absolute error scores (centimetres), within 
each position information condition, also at each movement distance condition 
and position information condition, collapsed across modality.
MOVEMENT
DISTANCE Control Location Extent
9.5cm 1.06 2.58 3.54
28.5cm 2.10 1.90 4.54
42.5cm 1.50 2.06 7.42
Mean 1.56 2.18 5.17
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Constant error scores
Tables A4 and A5 show the mean across subjects constant error scores for 
each combination of position information condition, movement distance in the 
visual and kinaesthetic matching conditions. Table A4 shows the mean error 
scores within the visual matching and table A5 shows the mean error scores within 
the kinaesthetic matching condition.
Table A4. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of position information and 
movement distance, in the visual matching condition.
MOVEMENT POSITION INFORMATION (V-V) MeanDISTANCE Control Location Extent
9.5cm 0.38 2.38 3.50 2.08(0.88) (6.92) (3.87) (2.85)
28.5cm 0.63 -1.00 2.21 0.61(2.26) (2.30) (6.12) (2.42)
42.5cm 0.08 -0,29 -3.29 -1.17(0.90) (1.29) (9.03) (3.29)
Mean 0.36(1.16)
0.36
(L71)
0.81
(5.34)
Table A5. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of position information and 
movement distance, in the kinaesthetic matching condition.
MOVEMENT POSITION INFORMATION (K-K) MeanDISTANCE Control Location Extent
9.5cin 0.83 -1.29 1.75 0.43(1.70) (2.51) (2.78) (1.61)
28.5cm -1.25 -0.12 -0.71 -0.69(3.42) (3.37) (6.21) (2.47)
42.5cm -0.50 -2.33 -2.46 -1.76(5.17) (5.14) (10.52) (5.58)
Mean -0.31(2.73)
-1.25
(2.41)
-0.47
(4.04)
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A three way analysis of variance (position information (3) x distance moved 
(3) X matching condition (2)) with repeated measures on all factors, indicated a 
significant effect for only:
Movement distance (F=3.65; df=2,22; p = 0.043).
Table A6. Mean across subjects constant error scores (centimetres), for each 
distance moved condition, collapsed across each combination of matching 
condition and position information.
CRITERION DISTANCE
9.5cm 28.5cm 42.5cm
C.E 1.26 -0.04 -1.47
Absolute proportional error scores
Tables A8 and A9 show the mean across subjects absolute proportional error 
scores for each combination of position information condition, movement distance 
in the visual and kinaesthetic matching conditions. Table A8 shows the mean 
error scores within the visual matching and table A9 shows the mean error scores 
within the kinaesthetic matching condition.
Table AS. Mean across subjects absolute proportional error scores 
(centimetres) and standard deviations, for each combination of position 
information and movement distance, in the visual matching condition.
MOVEMENT POSITION INFORMATION (V-V) MeanDISTANCE Control Location Extent
9.5cm 8.33 32.89 48.25 29.82(5.24) (69.29) (24.57) (24.98)
28.5cm 5.41 5.26 15.06 8.58(6.01) (6.94) (16.72) (6.08)
42.5cm 1.57 2.25 16.76 6.86(1.36) (2.04) (14.51) (4.69)
Mean 5.10(3.50)
13.47
(25.42)
26.69
(13.33)
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Table A9. Mean across subjects absolute proportional error scores
(centimetres) and standard deviations, for each combination of position
information and movement distance, in the kinaesthetic matching condition.
MOVEMENT POSITION INFORMATION (K-K) MeanDISTANCE Control Location Extent
9.5cm 14.04 21.49 26.32 20.61(13.71) (19.88) (21.76) (10.77)
28.5cm 9.36 8.04 16.81 11.40(8.34) (8.31) (13.18) (5.86)
42.5cm 5.49 7.45 18.14 10.36(10.79) (10.89) (17.03) (11.21)
Mean 9.63(6.62)
12.33
(8.82)
20.42
(10.82)
A three way analysis of variance (position information (3) x distance moved 
(3) X matching condition (2)) with repeated measures on all factors, indicated 
significant effects for:
Position information (F = 10.05; df=2,22; p=0.001).
Movement distance (F=18.71; df=2,22; p < 0.001).
Position information x movement distance (F=4.38; df=4,8; p=0.036)“ .
Proportional error scores
Tables AlO and A ll show the mean across subjects proportional error scores 
for each combination of position information condition, movement distance in the 
visual and kinaesthetic matching conditions. Table AlO shows the mean error 
scores within the visual matching and table Al 1 shows the mean error scores 
within the kinaesthetic matching condition.
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Table AlO* Mean across subjects proportional error scores (centimetres) and
standard deviations, for each combination of position information and
movement distance, in the visual matching condition.
MOVEMENT POSITION INFORMATION (V-V) MeanDISTANCE Control Location Extent
9.5cm 3.95 25.00 36.84 21.93(9.29) (72.79) (40.77) (29.97)
28.5cm 2.19 -3.51 7.75 2.14(7.92) (8.06) (21.48) (8.51)
42,5cm 0.20 -0.69 -7.75 -2.75(2.12) (3.03) (21.26) (7.74)
Mean 2.11(5.42)
6.93
(21.97)
12.28
(23.83)
Table A ll .  Mean across subjects proportional error scores (centimetres) and 
standard deviations, for each combination of position information and 
movement distance, in the kinaesthetic matching condition.
MOVEMENT POSITION INFORMATION (K-K) MeanDISTANCE Control Location Extent
9.5cm 8,77 -13.60 18,42 4.53(17.86) (26.41) (29,30) (16.95)
28.5cm -4.39 -0.44 -2.49 -2.44(12.00) (11.81) (21.80) (8.66)
42.5cm -1.18 -5.49 -5.78 ^.15(12.15) (12.10) (24.75) (13.14)
Mean 1.07(11.12)
-6.51
(9.38)
3.38
(10.67)
A three way analysis of variance (position information (3) x distance moved 
(3) X matching condition (2)) with repeated measures on all factors, indicated 
significant effects for:
Movement distance (F=7.13; df=2,22; p =0.004).
Position information x movement distance (F=5.67; df=4,8; p=0.018)‘". 
Position information x movement distance x matching condition (F=4.86; 
df=4,8; p=0.028)'\
Note. “ indicates multivariate (Pillais) statistics.
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Appendix B
Experiment 4; Mean across subjects constant error scores, and results of
analysis of variance, for both left and right handed subjects
Within Experiment 4 three subjects were left handed and seven subjects were 
right handed. To investigate whether preferred hand had any effect on judgements 
of distance a four way analysis of vaiiance (direction of movement (2) x criterion 
distance (4) x matching condition (2) x preferred hand (2)) with repeated measures 
on all factors except preferred hand, was carried out. This indicated two 
significant interactions involving preferred hand. Firstly, preferred hand x 
direction of movement (F=9.56; d f= l,8 ; p=0.015). Table B1 shows the mean 
across subjects error scores for left and right handed subjects in each direction of 
movement condition. This shows that in both direction of movement conditions 
right handed subjects were more accurate than left handed subjects, and that for 
both left and right handed subjects error was greatest when the direction of 
movement was right-to-left.
Table B l. Mean across subjects constant error scores (cm) and standard 
deviations for left and right handed subjects in each direction of movement 
condition, collapsed across matching condition and criterion distance.
PREFERRED
HAND
DIRECTION OF MOVEMENT
Left-to-right Right-to-left
Right 0.55 0.75
(0.63) (0.52)
Left -1.01 1.21
(0.55) (1.10)
The second interaction concerned preferred hand, direction of movement and 
matching condition (f=9.26; d f= l,8 ; p=0.016). Table B2 shows the mean across 
subjects error scores for left and right handed subjects in each direction of 
movement condition, and within the visual and kinaesthetic matcliing conditions. 
Table B2 indicates that under estimation only occurred in the left-to-right direction 
by left handed subjects, and that for left handed subjects visual judgements were 
more accurate than kinaesthetic, however for right handed subjects kinaesthetic
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judgements in the right-to-left direction showed the least error of all combinations 
of matching condition x direction of movement.
Table B2. Mean across subjects constant error scores (cm) and standard 
deviations for left and right handed subjects in each direction of movement 
condition and matching condition, collapsed across criterion distance.
PREFERRED
HAND
MATCHING
COND.
DIRECTION OF MOVEMENT
Left-to-right Right-to-left
Right Visual 0.52 1.44
(0.39) (1.00)
Kill. 0.58 0.07
(1.10) (0.71)
Left Visual -0.23 0.92
(1.05) (0.92)
Kin. -1.80 1.50
(2.39) (1.56)
The only other effect found within this analysis was a main effect of direction of 
movement (F = 13.84; d f= l,8 ; p =0.006).
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Appendix C
Experiment 6: Comparison of performance in the four kinaesthetic response 
method conditions, across both visual and kinaesthetic input modes, including 
Discussion of Results
If, information arising from the kinaesthetic response methods was held in 
different codes, and these codes had different characteristics, then performance 
should differ between the four response methods.
Throughout Appendix C, n= \9.
Absolute error scores
Tables Cl and C2 show the mean across subjects absolute error scores for 
each combination of kinaesthetic response method and criterion distance in each 
perceptual input condition.
Table C l. Mean across subjects absolute error scores (centimetres) and 
standard deviations, for each combination of instruction time, kinaesthetic 
response method and criterion distance, within visual perceptual input 
conditions.
INS. TIME X 
CRITERION DIST,
RESPONSE
(visual
METHOD
input)
Mean
Full
active
Full
passive
Ego-
active
Ego-
passive
Early 20 2.32 3.26 3.98 4.19 3.44
(2.38) (2.62) (2.68) (2.34) (1,31)
40 3.66 3.77 7.28 5.95 5.16
(2.61) (3.03) (5.07) (5.18) (2.32)
Middle 20 3.12 2.71 3.05 2.98 2.96
(2.31) (2.04) (2.29) (2.38) (1.45)
40 3.36 3.38 5.02 6.39 4.54
(3.07) (2.94) (3.57) (3.71) (2.00)
Late 20 1.41 3.04 3.13 2,82 2.60
(1.24) (1.96) (2.46) (2.42) (1.12)
40 3.55 2.25 4.14 3.39 3.33
(3.05) (2.49) (3.66) (2.74) (2.01)
Mean 2.90 3.07 4.43 4.29
(1.16) (1.07) (2.08) (1.97)
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Table C2. Mean across subjects absolute error scores (centimetres) and 
standard deviations, for each combination of instruction time, criterion 
distance and kinaesthetic methods of response criterion distance, within 
kinaesthetic perceptual input conditions.
INS. TIME X 
CRITERION DIST.
RESPONSE METHOD 
(kinaesthetic input)
Mean
Full
active
Full
passive
Ego-
active
Ego-
passive
Early 20 3.19 2.74 2.71 5.08 3.43
(2.65) (2.16) (2.18) (2.57) (1,06)
4 0 4.68 3.68 6.12 7.60 5.52
(3.25) (2.69) (4.43) (4.89) (2.12)
Middle 2 0 2.29 3.15 3.49 3,62 3.14
(1.93) (2.31) (1.89) (1,69) (0.94)
4 0 3.81 3.73 5.01 6.21 4.69
(2.24) (2.73) (3.20) (3.73) (1.79)
Late 2 0 2.54 4.18 2.57 3.55 3.21
(4.52) (2.99) (1.99) (2.55) (1.39)
4 0 2.52 3.53 4.46 4.72 3.81
(2.43) (3.14) (3.59) (3.34) (1.59)
Mean 3.17 3,50 4.06 5.13
(1.26) (1.09) (1.27) (2.28)
Legend
Response methods:
Full act. =  Kinaesthetic active 
Full pass. =  Kinaesthetic passive
Ego act. =  90 degree rotation and kinaesthetic active 
Ego pass. =  90 degree rotation and kinaesthetic passive
Criterion distances: 20 = 20cm, 40 =  40cm
A five way analysis of variance (perceptual input (2) x instruction time (3) x 
criterion distance (2) x active/passive response (2) x orientation (2)) with repeated 
measures on aU factors indicated a significant main effect of instruction time 
(F=9.81; df=2,36; p<0.001). The mean across subjects error for each 
instruction time condition when collapsed across all other factors were early =  
4.49cm, middle = 3.82cm and late = 3.32cm.
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A significant main effect was found for orientation of response (ego centric vs. 
full infonnation) (F= 12.78; df= l,18; p=0.002). The mean across subjects error 
score in the full information responses was 3.16cm, compared to 4.48cm for 
conditions in which rotated before responding. Thus, changing the position of the 
subject increased the size of error.
A significant two way interaction was found between, instruction time and 
criterion distance (F=5.04; df=2,36; p=0.012). Table C3 shows the mean enor 
scores for both criterion distances within each instruction time condition. It shows 
that at the longer criterion distances error was greater, and that for both criterion 
distances error decreased as the length of time for which subjects did not know the 
response method increased, and that across instruction time conditions judgements 
of the 40cm criterion distance showed a greater change in error across instruction 
time conditions, than judgements at the shorter criterion distance.
Table C3. Mean across subjects absolute error scores (centimetres) for each 
combination of instruction time and criterion distance, collapsed across 
perceptual input, active vs. passive response methods and orientation of 
response, for kinaesthetic response matching conditions.
CRTTERION
DISTANCE
INSTRUCTION TIME
Early Middle Late
20cm 3.43 3.05 2.90
40cm 5.34 4.61 3.57
A significant two-way interaction was also found between, criterion distance 
and orientation (F==6.87; df= l,18; p=0.017). Table C4 shows the mean across 
subjects error scores for both criterion distances in the ego-centric and full 
information orientation conditions. This again shows that judgements were more 
accurate when the criterion distance was short (20cm), and that judgements made 
in the full information conditions were more accurate than those in ego centric 
conditions, and that the difference between the two orientation conditions increased 
with criterion distance.
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Table C4. Mean across subjects absolute error scores (centimetres) for each 
combination of criterion distance and orientation, collapsed across perceptual 
input, instruction time and active vs. passive response, for kinaesthetic 
response matching conditions.
CRITERION
DISTANCE
ORIENTATION CONDITION
Full information Ego-centric
20cni 2,83 3,43
40cm 3.49 5.52
Constant error scores
Tables C5 and C6 show the mean across subjects constant error scores, for 
each combination for kinaesthetic response mode, instruction time and criterion 
distance in the visual and kinaesthetic perceptual input conditions, respectively.
Table C5. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of instruction time, response 
method and criterion distance, within the visual perceptual input conditions.
RESPONSE METHOD
INS, TIME X (visual input)
CRITERION DIST. K. K. Ego. Ego. Mean
act. pass. act. pass.
20 -0.74 1.99 -1.12 -1.85 -0.43
Early (3.28) (3.73) (4.75) (4.52) (1.91)
40 0.55 1.07 -4.21 -4,63 -1.80(4.54) (4.79) (7.94) (6.45) (4.05)
20 0.33 1.79 -2.10 -2.44 -0.60
Middle
(3.93) (2,92) (3.23) (2.97) (2.31)
40 1.15 2,04 -2.65 ^.52 -0.99(4.47) (4,04) (5.65) (5.94) (3.25)
20 0.50 2.83 -1.98 -1.16 -0.05
Late
(1.83) (2.26) (3.50) (3,58) (1.93)
40 1.34 1.09 -2.09 -1.60 -0.31(4.56) (3.21) (5,18) (4.12) (2.79)
Mean 0.52 1.80 -2,36 -2.70
(2.30) (2.21) (3.16) (2.48)
Legend, see table C2.
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Table C6. Mean across subjects constant error scores (centimetres) and 
standard deviations, for each combination of instruction time, response 
method and criterion distance, within the kinaesthetic perceptual input 
conditions.
RESPONSE METHOD
INS. TIME X (kinaesthetic input)
CRITERION DIST. K . K . Ego. Ego. Mean
act. pass. act. pass.
2 0 2.56 1.05 -0.12 -3.54 -0.01
Early (3.29) (3.37) (3.53) (4.55) (2.55)
4 0 3.42 3.10 -3.87 -5.92 -0.82(4.62) (3.38) (6.58) (6.92) (3.35)
2 0 0.81 2.49 -1.45 -2.44 -0.15
Middle
(2.93) (3.05) (3.77) (3.22) (2.26)
4 0 1.92 2.38 -3-63 -3.76 -0.77(4.06) (4,02) (4.78) (6.30) (2.95)
2 0 1.43 3.68 -0.34 -1.56 0.80
Late
(5.00) (3.62) (3.29) (4.15) (2.15)
4 0 1.51 3.05 -3.12 -2.51 -0.27(3.19) (3.62) (4.86) (5.29) (2.93)
Mean 1.94 2.63 -2.09 -3.29
(2.06) (1.83) (2.29) (3.56)
Legend, see table C2.
Using constant error scores a five way analysis of variance (instruction time 
(3) X input mode (2) x orientation (2) active/ passive (2) x criterion distance (2)) 
with repeated measures on all factors indicated a single signiftcant main effect for 
orientation (F=69.08; df= l,18; p<0.001). The mean across subjects constant 
error scores for judgements made in the ego-centric conditions was -2.61cm, 
compared to 1.72cm in full information conditions. Thus, changing orientation 
between presentation and reproduction effected both the size and direction of 
error.
A significant interaction was found between instruction time and active/passive 
conditions (F=4.66; df=2,36; p =0.016). Table C7 shows the mean error scores 
for all three instruction time conditions in both active and passive response 
methods. In all combinations of instruction time and active/passive conditions 
except the late passive condition the mean across subjects error was an under­
estimate of the criterion distance. Also, within both active and passive conditions
-1 9 6 -
the smallest error was found in the late instruction time condition, and that within 
the passive response conditions error became increasingly positive as the length of 
time between presentation of the criterion distance and knowing the required 
response method increased, this pattern was not found for active responses.
Table C7. Mean across subjects constant error scores (centimetres), for each 
combination of instruction time and active/ passive response, collapsed across 
perceptual input, orientation of response and criterion distance, for 
judgements using a kinaesthetic method of response.
INSTRUCTION
TIME ACTIVE PASSIVE
Early -0.44 -1.09
Middle -0.70 -0.56
Late -0.34 0.48
A second interaction was found between criterion distance and orientation 
(F=9.12; df= l,18; p =0.007). Table C8 shows the mean error scores for each 
orientation and criterion distance, and indicates that error in the ego-centric 
conditions was larger than in the full information condition, also that a directional 
difference existed; under-estimation occurred only in the ego centric conditions. 
Across both ego-centric and full information conditions error was larger when 
subjects reproduced the longer criterion distance, and the difference in error 
between active and passive judgements were greater at the longer criterion 
distances.
Table C8. Mean across subjects constant error scores (centimetres), for each 
combination of orientation of response and criterion distance collapsed across 
perceptual input, instruction time, active/ passive response, for judgements 
using a kinaesthetic method of response.
CRITERION
DISTANCE.
ORIENTATION
Rill
information Egocentric
20cm 1.56 -1.68
40cm 1.89 -3.54
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A third two way interaction was found between, orientation and active/passive 
responses (F=8.52; df=l,18; p =0.009). Table C9 shows the mean enor scores 
in both orientation conditions for each active and passive response methods. Table 
C9 again shows a directional difference between error in the ego centric and full 
information conditions, and that in the ego centric conditions the size of error was 
larger than in the full information conditions. Table C9 also shows that across 
both orientation conditions mean error was smaller when the response was active, 
and that the interaction between orientation conditions and active/passive responses 
was due performance in the passive conditions showing greater over-estimation in 
full information conditions, but also greater under-estimation in ego centric 
conditions.
Table C9. Mean across subjects constant error scores (centimetres), for each 
combination of orientation of response and active/ passive response method 
collapsed across perceptual input, instruction time and criterion distance for 
judgements using a kinaesthetic method of response.
ORIENTATION
Rill information Ego-centric
Active 1.23 -2.22
Passive 2.21 -2.99
Two significant three way interactions were found:- perceptual input x 
active/passive x instruction time (F=3.67; df=2,36; p=0.035) and perceptual 
input X active/passive x criterion distance (F=4.49; df=l,18; p =0.048). Table 
CIO shows the mean across subjects constant error scores, for each combination of 
perceptual input, active/passive responses and instruction time, collapsed across 
criterion distance and orientation. It can be seen that error in the visual input 
conditions was generally larger than in the kinaesthetic input conditions, a 
difference between active and passive methods of response was shown most clearly 
in the early instruction time condition. For both visual and kinaesthetic input 
conditions the only trial in which under-estimation did not occur was passive 
response in the late instruction time conditions.
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Table CIO. Mean across subjects constant error scores (centimetres), for each 
combination of perceptual input, active/ passive response method and 
instruction time, collapsed across orientation of response and criterion 
distance for judgements using a kinaesthetic method of response.
PERCEPTUAL
INPUT
ACTIVE/
PASSIVE
INSTRUCTION TIME
Early Middle Late
Visual Active -1.38 -0.82 -0.56
Passive -0.85 -0.78 0.29
Kin. Active 0.50 -0.59 -0.13
Passive -1.33 -0.33 0,66
Table C ll shows the mean error scores for each combination of perceptual 
input, active/passive response and criterion distance, collapsed across instruction 
time and orientation. This also indicates that error was generally smaller in the 
kinaesthetic input conditions, and that error was larger when the criterion distance 
was long (40cm), under-estimation was found to occur predominantly at the longer 
criterion distances.
Table C ll. Mean across subjects constant error scores (centimetres), for each 
combination of perceptual input, active/ passive response method and criterion 
distance, collapsed across orientation of response and instruction time for 
judgements using a kinaesthetic method of response.
PERCEPTUAL
INPUT
ACTIVE/
PASSIVE
CRITERION DIST.
20cm 40cm
Visual Active -0.82 -0.95
Passive 0.37 -1.29
Kinaesthetic Active 0.59 -0.70
Passive 0.15 -0.86
Discussion of results
Analysis Three indicated a number of important effects. Firstly, the accuracy 
of perfonnance decreased when subjects rotated through 90 degrees before 
reproducing the criterion distance (A.E). This may have been because judgements 
in the full information conditions were aided by a source of information not
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occurring in the ego-centric conditions. This source of infonnation may have been 
the increased usefulness of exo-centric infonnation, although, other factors may 
also have influenced this result. For example, the physical act of moving may 
have distracted the subject; that is, interfered with the rehearsal process. Quinn 
(1991) and Morris (1987) suggested that the operation of the Visuo-Spatial Scratch 
Pad is associated with the control of motor movement. Thus, it may be that in 
ego-centric conditions the short-tenn storage of the criterion distance was 
hampered by subjects physically changing position. This link between movement 
and short-term storage will be further considered in Experiment 7.
An alternative explanation for the increased error in ego centric conditions 
may be related to the procedure used, in the ego centric trials, to indicate the 
response. In the ego centric trials subjects responded by holding a marker pen on 
a sheet of paper and ‘drawing’ the criterion distance (the same procedure as used 
by Connolly and Jones; 1970). Whereas, in the full information conditions 
subjects moved the handle within the ‘box’. The effect of this was that in the full 
information conditions subjects always made a straight movement, but in the ego­
centric conditions (pen and paper response) the line produced by subjects 
frequently wiggled across the page. Thus, it is possible that it was easier for 
subjects to estimate distance when linearity of the response was controlled, and/or 
that the under estimation in error found in ego-centric conditions was influenced 
by inaccuracy of measurement (by the experimenter), created by the irregularity of 
the drawn line.
It was also found (A.E and C.E) that not only was error in the ego centric 
conditions larger than in the full information conditions, but that the difference 
increased with distance. A possible post-hoc explanation for this interaction is in 
terms of the combined disruptive effects of distance and rotation; that is, if longer 
criterion distances require more information to be stored, and this effects either the 
processing effort or the vulnerability of infonnation, then the additional task of 
changing position may compound the difficulty associated with reproducing longer 
distances.
A directional difference between the full and ego-centric information 
conditions, in which judgements in the ego centric conditions were under­
estimation of the criterion. Also, in passive conditions (full and ego-centric) error 
was larger than in active condition. One explanation for the directional difference
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in eiTor may be that, if in the ego-centric conditions subjects had less information 
on which make judgements, than in full conditions. Then under estimation may 
reflect cautiousness due to uncertainty arising from the relatively poor level of 
information available.
However, it was also found that passive judgements were more affected by the 
ego centric condition than active judgements, this may reflect the fact that active 
movement provides proprioceptive infonnation. Thus, in the ego-centric passive 
conditions subjects may have had limited access to two sources of information: 
exo-centric distance information and proprioceptive information.
Other significant effects were: instruction time (A.E), increasing the time 
between presentation and knowing the response method was found to decrease 
error; that is, the same effect as reported in Analysis Two.
Performance also changed across instruction time, as a results of both criterion 
distance (A.E), and active/ passive responses (C.E). In both these effects 
differences between the independent variables were greatest in the early instruction 
time condition. This suggests that when subjects know the response method 
whatever fonn information is held in, information is more susceptible to disruption 
than when response mode is not known. This is consistent with there being a 
difference in the form of information stored in the presence and absence of 
knowledge of response, and it may be the case that this difference is due to the 
prevention of translation in late conditions.
Overall, in relation to differences in performance across kinaesthetic response 
methods Analysis Three indicated that performance altered as a result of 
orientation, which may be due to the nature of coding. No main effect of 
changing from active to passive responses was found, but active/passive did 
interact with a number of other factors (C.E), which suggested that differences in 
performance will be found depending on whether an active or passive kinaesthetic 
response is used.
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Appendix D
Experiment 6: The effect of delaying knowledge of the response method, analysis 
across all five response methods, and both input modes. Also discussion of results 
Analysis Four investigated performance when considered across all trials.
Throughout Appendix D, «=17.
Absolute error scores
Tables D1 and D2 show the mean across subjects absolute error scores for 
each combination of instruction time, matching condition and criterion distance, in 
the visual and kinaesthetic input mode conditions respectively.
Table D l. Mean across subjects absolute error scores (centimetres) and 
standard deviations, for each combination of instruction time, response 
method and criterion distance, within the visual perceptual input conditions.
INS. TIME X
RESPONSE METHOD 
(visual input)
CRITERION DIST.
Vis. fnUact.
full
pass.
Ego.
act.
Ego,
pass.
Mean
Early
20 1.26(1.05)
2.56
(2.40)
3.05
(2.61)
4.12
(2.78)
4.35
(2.26)
3.07
(1.02)
40 2.47(2.03)
3.56
(2.70)
3.80
(2.96)
7.21
(5.36)
6.22
(5.43)
4.65
(2.04)
Mid.
20 1.59(0.87)
3.13
(2.42)
2.91
(2.06)
2.94
(2.41)
3.32
(2.28)
2.78
(1.19)
40 2.22(1.76)
3.52
(3.22)
3.13
(2.75)
5.27
(3.66)
6.82
(3.56)
4.19
(1.69)
Late
20 1.09(0.84)
1.40
(1.30)
3.07
(1.98)
3.11
(2.52)
3.06
(2.44)
2.35
(0.96)
40 1.69(1.35)
3.91
(3.03)
2.48
(2.53)
4.18
(3.71)
3.61
(2.81)
3.18
(1.66)
Mean 1.72
(0.65)
3.01
(1.18)
3.07
(1.04)
4.47
(2.18)
4.56
(1.87)
Legend - See table D2.
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Table D2. Mean across subjects absolute error scores (centimetres) and 
standard deviations, for each combination of instruction time, response 
method and criterion distance, within the kinaesthetic perceptual input 
conditions.
INS. TIME X 
CRITERION DIST.
RESPONSE METHOD 
(kinaesthetic input)
MeanVis. Fullact.
Full
pass.
Ego.
act.
Ego.
pass.
Early
20 2.38(2.10)
2.89
(2.52)
2.53
(1.81)
2.85
(2.27)
5.65
(2.04)
3.26
(0.85)
40 2.79(2.45)
4.69
(3.15)
3.39
(2.71)
6.29
(4.53)
7.84
(5.11)
5.00
(1.87)
Mid.
20 2.02(1.81)
2.09
(1,81)
3.08
(2.24)
3.38
(1.89)
3.63
(1.78)
2.84
(0.89)
40 2.45(2.09)
3.73
(2.35)
3.37
(2.66)
4.76
(3.31)
6.32
(3.71)
4.13
(1.61)
Late
20 1.15(0.90)
2.78
(4.78)
4.44
(3.04)
2,66
(2.09)
3.36
(2.55)
2.88
(1.17)
40 2.11(2.21)
2.65
(2.54)
3.49
(3.32)
4.25
(3.75)
4.86
(3.51)
3.47
(1.40)
Mean 2.15
(0.91)
3.14
(1.31)
3.38
(1.03)
4.03
(1.32)
5.28
(2.37)
Legend
Response methods;
Vis =  Visual.
Full act. =  Kinaesthetic active.
Full pass =  Kinaesthetic passive.
Ego. act. =  90 degree rotation and kinaesthetic active.
Ego. pas. =  90 degree rotation and kinaesthetic passive.
Criterion distances: 20 =  20cm, 40 =  40cm,
Using absolute error scores a four way analysis of variance (instruction time 
(3) X input mode (2) x response method (5) x criterion distance (2)) with repeated 
measures on all factors indicated a significant main effect of instruction time 
(F=8.72; df=2,32; p=0.001). The mean across subjects absolute error scores 
collapsed across perceptual input, response method and criterion distance indicated 
that delaying knowledge of the response method decreased error: early =  4.00cm, 
middle =  3.48cm and late = 2.97cm.
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A significant main effect was also found for criterion distance (F=29.67; 
d f= l,I6 ; p < 0.001). When collapsed across all response methods, input modes 
and instruction time conditions the mean across subjects absolute error in the 20cm 
criterion distance condition was 2.86cm, and 4.10cm in the 40cm criterion 
distance conditions. Thus, judgements were more accurate when the criterion 
distance was short. The same analysis based on absolute proportional error scores 
(appendix I) also indicated a highly significant main effect of criterion distance 
(F=43.07; df=l,16; p < 0.001). The mean across subjects absolute proportional 
enor scores for each criterion distance collapsed across all other factors were 
20cm = 14.81 % and 40cm = 10.26%.
A second significant main effect based on absolute error scores was found for 
response method (F = 17.56; df=4,64; p < 0.001). Table D3 shows the mean 
across subjects absolute error scores for each of the five response methods, 
collapsed across instruction time, input mode and criterion distance. It can be 
seen that judgements were most accurate in the visual response condition, and that 
judgements in active conditions were more accurate than in passive conditions, 
also kinaesthetic responses in the ego centric conditions produced more error, than 
in full information conditions.
Table D3. Mean across subjects absolute error scores (centimetres), for each 
response method collapsed across instruction time, perceptual input and 
criterion distance.
RESPONSE METHOD
visual ftiU full Ego. Ego.act. pass. act pass.
A.E 1.94 3.08 3.23 4.25 4.92
A single significant interaction was found between; criterion distance and 
response method (F=3.58; df=4,64; p=0.011). Table D4 shows the mean across 
subjects error scores for each combmation of criterion distance and response 
method. Table D4 again shows that subjects were most accurate when using the 
visual response method and that in the ego centric conditions error increased more 
than in the full information kinaesthetic conditions. The table also shows that 
reproduction of the shorter criterion distance was more accurate than reproduction
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of the longer criterion distance, but the magnitude of difference between 
reproduction of criterion distances varied across the five matching conditions.
Table D4, Mean across subjects absolute error scores (centimetres), for each 
response method and criterion distance collapsed across instruction time and 
perceptual input.
CRITERION
RESPONSE METHOD
DISTANCE Visual Full Full Ego. Ego.act. pas. act. pas.
20cm 1.58 2.48 3.18 3.18 3.90
40cm 2.29 3.68 3.28 5.33 5.95
Constant error scores
Tables D5 and D6 show the mean across subjects constant error scores for 
each combination of instruction time, response method and criterion distance. 
Table D5 shows the mean error scores in the visual input condition and table D6 
shows the mean eiTor scores in the kinaesthetic input conditions.
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Table D5. Mean across subjects constant error scores (centimetres) and
standard deviations, for each combination of instruction time, response
method and criterion distance, within the visual perceptual input conditions.
INS. TIME X
RESPONSE METHOD 
(visual input)
CRITERION DIST. Vis. Fullact.
Full
pass.
Ego,
act.
Ego.
pass.
Mean
Early
20 -0.85(1.42)
-0.79
(3.47)
1.99
(3.53)
-0.92
(4.98)
-1.72
(4.69)
-0.46
(1.58)
40 1.41(2.91)
0.44
(4.53)
0.79
(4.84)
-4.84
(7.69)
-4.75
(6.83)
-1.39
(3.32)
Mid.
20 -1.15(1.42)
0.25
(4.03)
1.94
(3.04)
-2.35
(3.02)
-2.74
(3.00)
-0.81
(2.01)
40 1.98(2.04)
1.05
(4.73)
1.64
(3.89)
-2.62
(5.96)
-4.72
(6.19)
-0.54
(2.67)
Late
20 0.38(1.35)
0.39
(1.90)
2.95
(2.16)
-1.99
(3.52)
-1.38
(3.73)
0.07
(1.50)
40 1.13(1.87)
1.44
(4.82)
1.19
(3.39)
-1.96
(5.31)
-1.61
(4.68)
0.04
(2.37)
Mean 0.48
(0,65)
0.46
(2.43)
1.75
(2.26)
-2.45
(3.33)
-2.82
(2.57)
Legend, see table D2.
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Table D6. Mean across subjects constant error scores (centimetres) and
standard deviations, for each combination of instruction time, response
method and criterion distance, within kinaesthetic perceptual input conditions.
INS. TIME X
RESPONSE METHOD 
(kinaesthetic input)
CRITERION DIST.
Vis. Fullact.
Full
pass.
Ego.
act.
Ego.
pass.
Mean
Early
20 0.56(3.18)
2.19
(3.19)
0.76
(3.07)
-0.32
(3.70)
-3.92
(4.66)
-0.14
(2.13)
40 1.88(3.24)
3.36
(4.62)
2.75
(3.40)
-3.79
(6.88)
-5.96
(7.33)
-0.35
(2.93)
Mid.
20 -0.26(2.75)
0.44
(2.78)
2,34
(3.05)
-1.80
(3.50)
-2.66
(3.10)
-0.39
(1.83)
40 0.34(3.26)
2.08
(3.96)
1.86
(3.93)
-3.22
(4.90)
-3.58
(6.53)
-0.50
(2.70)
Late
20 0.22(1.48)
1.66
(5.26)
3.88
(3.77)
-0.16
(3.45)
-1.54
(4.00)
0.81
(1.84)
40 1.58(2.64)
1.73
(3.27)
2.96
(3.82)
-2.76
(5.02)
-2.86
(5.36)
0.13
(2.57)
Mean 0.72
(1.68)
1.91
(2.08)
2.43
(1.78)
-2.01
(2.41)
-3.42
(3.75)
Using constant error scores a four way analysis of variance (instruction time 
(3) X input mode (2) x response method (5) x criterion distance (2)) with repeated 
measures on all factors, indicated a significant main effect of instruction time 
(F=3.35; df=2,32; p =0.048). The mean across subjects constant error scores, 
collapsed across perceptual input, response method and criterion distance indicated 
that in the early and middle instmction time conditions subjects under-estimated 
the criterion distance, but as the length of delay increased, error became smaller 
and a slight over-estimate of the criterion distance, early = -0.59cm, middle = - 
0.56cm and late =  0.26cm.
A significant main effect was also found for response method (F=32.10; 
df=4,64; p <  0.001). Table D7 shows the mean across subjects constant error 
scores for each response method, this indicates that the pattern of error found in 
the analysis of absolute error scores was replicated, error increases as a result of 
passive performance and as a result of ego-centric conditions, and that it was only 
the ego-centric conditions which generated under-estimation.
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Table D7. Mean across subjects constant error scores (centimetres), for each
response method collapsed across instruction time, perceptual input and
criterion distance.
RESPONSE METHOD
Visual Full Full Ego. Ego.act. pass. act. pass.
C.E 0.60 1.19 2.09 -2.23 -3.12
Finally, a two way interaction was found between response method and 
criterion distance (F=6.15; df=4,64; p < 0.001). Table D8 shows the mean error 
scores for both criterion distances in all five response methods. From table D8 it 
can be seen that the longer criterion distances are generally associated with 
judgements which were further away form the target, but that for both criterion 
distances the visual response method was the most accurate and under estimation 
was only found when subjects made judgements in the ego centric condition.
Table D8 also shows that the size of difference between performance in the two 
criterion distance conditions was greatest when subjects moved through 90 degrees 
before responding.
Table DS. Mean across subjects constant error scores (centimetres), for each 
response method and criterion distance collapsed across instruction time and 
perceptual input.
CRITERION RESPONSE METHOD
DISTANCE Visual Rill Rill Ego. Ego.act. pas. act. pas.
20cm -0.18 0.69 2.31 -1.26 -2.33
40cm 1.39 1.68 1.86 -3.20 -3.91
No further significant effects were found.
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Discussion of results
Within Analysis Four both absolute and constant error scores indicated similar 
patterns of error; that is, judgements showed least error in visual response 
conditions, and active responses were more accurate than passive, but regardless 
of the active or passive nature of the response error was higher when ego-centric 
response conditions were used. In respect to the directionality of error over­
estimation was found for: visual, kinaesthetic (full information) active and passive 
conditions and under estimation was found in both active and passive, ego-centric 
conditions.
It was also found (A.E) that shorter criterion distance was more accurately 
reproduced, but the difference between the accuracy of short and long criterion 
distances varied across response methods (A.E and C.E). The smallest difference 
between criterion distances was found in the full information passive condition and 
the greatest difference was found in the ego-centric passive conditions. This 
suggests that changing orientation between presentation and reproduction is a more 
disruptive influence on performance than the change form active to passive 
response methods. One reason already discussed for this may be that the change 
in body position required by the ego-centric conditions may have interfered with 
short-term storage (via the V.S.S.P.).
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Appendix E
Experiment 7: Stimuli used iu visuo-spatial interference task (approx, 1/2 
actual size)
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Appendix F
Experiment 7: Sentences used in the verbal interference taslts 
Spoken response technique group.
Sentences were presented to subjects’ one at a time. Subjects read and 
remember the sentence (presented individually), and then recalled the sentence, 
saying aloud "yes" if the word was a noun and "no" if it was not.
A bird in the hand is not in the bush.
Houses are made of stone, igloos are not like this.
I always like to eat chocolate, but not biscuits or cake.
The cat sat on the mat, not on the table.
An elephant is bigger than a mouse or a tiger.
Spiders have six legs, but they do not have toes.
We took the train not the bus to the airport.
Rabbits are small fury animals which have very long ears.
Yesterday the dog jumped over the fence into the pond.
I like flowers, but trees and shrubs are very boring.
Spatial response technique group.
Subjects read and remember the sentence (presented individually), and then 
recalled the sentence, pointing to the blue square if the word was a colour term, 
and the red square if it was not,
Mr Brown drove his white car to the village green.
In autumn, leaves change from green to yellow and gold.
Little red riding hood had a blue and white blanket.
Red, Yellow and Violet are three colours in the rainbow.
The black and white cow sat in the green field.
My favourite colour rose is red, not pink or white.
The Union Jack’s colours are not orange, green and yellow.
On sunny days the sea is blue, green and aquamarine.
The black and white cat, always wore a blue collar.
Brown trousers should be worn with brown shoes, never black.
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Appendix G
Experiment 7: Mean across subjects absolute error scores and standard
deviations
Tables G1 to G16 show the mean across subjects absolute error scores and 
standard deviations, for each combination of interference condition, perceptual 
input, response mode, time interval, criterion distance and response type group.
Tables G1 to G4 show mean error scores for matching condition, with the 
spoken response type group and for only the 10 second interval conditions.
Table G l. Mean across subjects absolute error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance (C.D), in the V-V matching condition, using the 10 second time 
interval in the spoken response type group.
CRITERION
DISTANCE
VISUAL - VISUAL (10 sec.)
Control Visuo-spatial int. Verbal
int.
9.5cm 1.50 1.83 2.13
(1.78) (1.50) (1.64)
28.5cm 1.13 2.79 2.04
(0.83) (2.26) (2.66)
42.5cm 3.13 1.75 2.88
(3.81) (1.22) (3.05)
54.0cm 1.42 2.63 2.58
(1.53) (1.86) (2.19)
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Table G2. Mean across subjects absolute error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the V-K matching condition, using the 10 second time interval in 
the spoken response type group.
CRITERION
DISTANCE
VISUAL - KINAESTHETIC (10 sec.)
Control Visuo-spatial int. Verbal
int.
9.5cm 0.83 5.08 3.96
(0.78) (10.26) (4.59)
28.5cm 2.63 1.96 2.29
(2.12) (1.63) (1.51)
42.5cm 1.46 5.00 2.75
(1.81) (5.42) (2.17)
54cm 2.08 3.21 3.75
(3.16) (2.99) (3.96)
Table G3. Mean across subjects absolute error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the K-K matching condition, using the 10 second time interval in 
the spoken response type group.
CRITERION
DISTANCE
KINAESTHETIC - KINAESTHETIC (10 sec.)
Control Visuo-spatial int. Verbal
int.
9.5cm 1.21 1.67 1.25
(1.21) (1.93) (1.29)
28.5cm 1.79 1.12 2.92
(1.63) (0.88) (3.52)
42.5cm 1.54 2.08 2.46
(1.25) (2.21) (2.35)
54cm 1.08 3.29 1.46
(1.04) (2.84) (1.20)
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Table G4, Mean across subjects absolute error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the K-V matching condition, using the 10 second time interval in 
the spoken response type group.
CRITERION
DISTANCE
KINAESTHETIC - VISUAL (10 sec.)
Control Visuo-spatial int. Verbal
int.
9.5cm 1.67 1.58 1.21
(1.89) (0.93) (0.86)
28.5cm 2.21 1.67 3.75
(2.23) (1.35) (3.77)
42.5cm 2.17 4.25 3.04
(1.93) (4.42) (1.85)
54cm 1.46 2.38 3.33
(0.99) (1.79) (4.20)
Tables G5 to G8 show mean across subjects absolute error scores for each 
matching condition, within the spoken response type group in the 30 second 
interval conditions.
Table G5. Mean across subjects absolute error scores and standard deviations 
(centimetres), for each combmation of interference condition and criterion 
distance, in the V-V matching condition, using the 30 second time interval 
condition and spoken response type group.
CRITERION
DISTANCE
VISUAL - VISUAL (30 sec.)
Control Visuo- spatial int.
Verbal
int.
9.5cm 1.54 2.08 3.79(1.36) (2.20) (5.64)
28.5cm 1.83 2.38 4.13(2.12) (3.16) (6.56)
42.5cm 2.00 3.17 1.63(1.54) (4.20) (1.35)
54.0cm 3.13 3.42 3.33(1.51) (7.08) (5.19)
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Table G6. Mean across subjects absolute error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the V-K matching condition, using the 30 second time interval 
condition and spoken response type group.
CRITERION
DISTANCE
VISUAL - KINAESTHETIC (30 sec.)
Control Visuo- spatial int.
Verbal
int.
9.5cm 2.38 1.38 1.83(1.05) (0.96) (2.08)
28.5cm 1.92 3.04 2.92(1.52) (2.30) (2.64)
42.5cm 2.21 3.13 2.71(1.71) (3.30) (1.88)
54,0cm 1.58 4.17 4.29(1.31) (8.37) (3.76)
Table G7. Mean across subjects absolute error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the K-K matching condition, using the 30 second time interval 
condition and spoken response type group.
CRITERION
DISTANCE
KINAESTHETIC - KINAESTHETIC (30 sec.)
Control Visuo- spatial int.
Verbal
int.
9.5cm 1.79 3,46 1.29(1.62) (5.52) (1.29)
28.5cm 1.38 2.54 2.08(0.86) (2.60) (1.58)
42.5cm 1.58 2.50 3.25(1.31) (2.84) (2.53)
54.0cm 1.54 1.46 1.25(151) (2.09) (1.89)
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Table G8. Mean across subjects absolute error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the K-V matching condition, using the 30 second time interval 
condition and spoken response type group.
KINAESTHETIC - VISUAL (30 sec.)
CRITERION
DISTANCE Control Visuo- spatial int.
Verbal
int.
9.5cm 1.96 4.38 2.71(1.25) (8.80) (4.74)
28.5cm 3.50 3.67 3.87(2.95) (3.83) (2.97)
42.5cm 3.46 3.75 3.00(2.67) (3.37) (2.38)
54.0cm 3.42 2.71 1.29(2.16) (3.39) (0.94)
Tables G9 to G12 show mean across subjects absolute error scores for each 
matching condition, within the spatial response type group and in the 10 second 
interval conditions.
Table G9. Mean across subjects absolute error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the V-V matching condition, using the 10 second time interval 
condition and spatial response type group.
CRITERION
DISTANCE
VISUAL - VISUAL (10 sec.)
Control Visuo- spatial int.
Verbal
int.
9.5cm 0.89 2.00 1.29(0.86) (2.30) (1.68)
28.5cm 2.50 2.68 1.75(3.58) (3.60) (1.79)
42.5cm 2.36 2.50 2.00(3.04) (3.97) (1.36)
54.0cm 1.18 1.71 1.86(0.97) (0.78) (2.58)
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Table GIO. Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the V-K matching condition, using the 10 second time 
interval condition and spatial response type group.
CRITERION
DISTANCE
VISUAL - KINAESTHETIC (10 sec.)
Control Visuo- spatial int.
Verbal
int.
9.5cm 1.21 2.25 1.96(0.78) (2.46) (2.94)
28.5cm 2.93 3.32 3.39(2.72) (3.38) (4.66)
42.5cm 1.32 2.43 1.29(0.95) (2.46) (0.99)
54.0cm 2.61 2.76 2.75(1.77) (2.66) (2.50)
Table G il .  Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the K-K matching condition, using the 10 second time 
interval condition and spatial response type group.
CRITERION
DISTANCE
KINAESTHETIC - KINAESTHETIC (10 sec.)
Control Visuo-spatial int. Verbalint.
9.5cm 1.39 1.64 1.39(1.10) (1.23) (1.50)
28.5cm 3.79 2.11 2.14(5.08) (1.85) (3.49)
42.5cm 1.82 2.04 3.04(2.00) (2.25) (4.02)
54.0cm 3.43 2.14 2.61(6.18) (1.67) (1.56)
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Table G12. Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance , in the K-V matching condition, using the 10 second time 
interval condition and spoken response type group.
CRITERION
DISTANCE
KINAESTHETIC - VISUAL (10 sec.)
Control Visuo- spatial int.
Verbal
int.
9.5cm 1.79 3.04 1.93(2.07) (5.04) (1.24)
28.5cm 1.79 2.39 1.07(2.14) (2.05) (0.62)
42.5cm 1.43 3.57 1.61(1.69) (4.85) (2.04)
54.0cm 1.96 4.68 3.79(1.75) (11.39) (6.06)
Tables G13 to G16 show mean across subjects absolute error scores for each 
matching condition, within the spatial response type group and in the 30 second 
interval conditions.
Table G13. Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the V-V matching condition, using the 30 second time 
interval condition and spatial response type group.
CRITERION
DISTANCE
VISUAL - VISUAL (30 sec.)
Control Spatial int. Verbalint.
9.5cm 1.29 1.96 4.46(1.07) (2.13) (10.58)
28.5cm 1.04 1.00 2.14(0.80) (1.54) (3.71)
42.5cm 1.79 3.54 1.43(3.58) (6.79) (1.57)
54.0cm 2.57 2.32 1.36(1.92) (1.44) (1.52)
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Table G14. Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the V-K matching condition, using the 30 second time 
interval condition and spatial response type group.
CRITERION
DISTANCE
VISUAL - KINAESTHETIC (30 sec.)
Control Visuo-spatial int. Verbalint.
9.5cm 1.32 1.75 1.43(1.51) (1.95) (1.33)
28.5cm 1.86 3.36 2.21(1.42) (4.24) (2.04)
42.5cm 2.50 2.00 7.36(2.18) (2.20) (10.46)
54.0cm 3.18 2.21 3.18(2.55) (1.84) (3.34)
Table G15. Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the K-K matching condition, using the 30 second time 
interval condition and spatial response type group.
CRITERION
DISTANCE
KINAESTHETIC - KINAESTHETIC (30 sec.)
Control Visuo-spatial int. Verbalint.
9.5cm 1.11 1.71 1.54(1.26) (2.78) (0.89)
28.5cm 1.21 2.54 2.84(0.99) (3.21) (3.78)
42.5cm 1.93 3.39 2.89(2.75) (4.11) (3.05)
54.0cm 2.57 1.54 1.75(2.70) (1.18) (1.40)
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Table G16. Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the K-V matching condition, using the 30 second time 
Interval condition and spatial response type group.
KINAESTHETIC - VISUAL (30 sec.)
CRITERION
DISTANCE Control Visuo- spatial int.
Verbal
int.
9.5cm 0.86 1.79 1.18(0.89) (1.37) (1.20)
28.5cm 2.36 3.96 2.75(4.57) (6.95) (3.83)
42.5cm 1.43 2.86 1.86(1.74) (2.15) (1.55)
54.0cm 3.21 2.18 2.89(5.22) (1.90) (1.95)
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Appendix H
Experiment 7: Mean constant error scores and standard deviations
Tables HI to H I6 show the mean across subjects absolute error scores and 
standard deviations, for each combination of interference condition, perceptual 
input, response mode, time interval, criterion distance and response type group.
Tables HI to H4 show mean constant error scores for each matching 
condition, within the spoken response type group and for only the 10 second 
interval conditions.
Table HI. Mean across subjects constant error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the V-V matching condition, using the 10 second time interval in 
the spoken response group.
CRITERION
DISTANCE
VISUAL - VISUAL (10 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm 0.08 -0.25 1.21(2.37) (2.42) (2.45)
28.5cm -0.38 -0.38 0.54(1.38) (3.67) (3.36)
42.5cm 1.88 0.25 0.29(4.62) (2.18) (4.27)
54.0cm 0.17 -0.21 -1.08(2.12) (3.31) (3.29)
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Table H2. Mean across subjects constant error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the V-K matching condition, using the 10 second time interval in 
the spoken response group.
CRITERION
DISTANCE
VISUAL - KINAESTHETIC (10 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm 0.42 4.50 3.63(1.08) (10.55) (4.89)
28.5cm -1.79 0.54 -1.54(2.92) (2.55) (2.33)
42.5cm -0.54 -3.17 -1.42(2.30) (6.76) (3,28)
54.0cm -1.33 -2.63 -1.92(3.58) (3.56) (5.20)
Table H3. Mean across subjects constant error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the K-K matching condition, using the 10 second time interval in 
the spoken response group.
CRITERION
DISTANCE
KINAESTHETIC - KINAES'niETIC (10 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm 0.13 0.08 0.00(1.75) (2.60) (1.83)
28.5cm -0.04 -0.21 -0.83(2.48) (1.45) (4.57)
42.5cm 0.54 0.42 1.79(1.96) (3.07) (2.93)
54,0cm -0.08 -1.46 -0.88(1.53) (4.19) (1.71)
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Table H4, Mean across subjects absolute error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance (C.D), in the K-V matching condition, using the 10 second time 
interval in the spoken response group.
CRITERION
DISTANCE
KINAESTHETIC - VISUAL (10 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm 0,42 -0.17 -1.04(2.53) (1.89) (1.08)
28.5cm -0.13 -1.08 -1.25(3.21) (1.89) (5.28)
42.5cm 1.50 0.33 1.46(2.53) (6.25) (3.35)
54.0cm 0.21 0.29 -3.00(1.80) (3.04) (4.46)
Tables H5 to H8 show mean constant error scores for each matching 
condition, within the spoken response group and for only the 30 second interval 
conditions.
Table H5. Mean across subjects constant error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the V-V matching condition, using the 30 second time interval in 
the spoken response group.
CRITERION
DISTANCE
VISUAL - VISUAL (30 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm 0.29 0.33 3.29(2.08) (3.08) (5.97)
28.5cm -0.50 -1,04 1.04(2.81) (3,86) (7.77)
42.5cm 1.17 0.00 0.13(2.29) (5.34) (2.17)
54.0cm -1.13 -1.83 -0.17(3.40) (7.69) (6.25)
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Table H6, Mean across subjects constant error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the V-K matching condition, using the 30 second time interval in 
the spoken response group.
CRITERION
DISTANCE
VISUAL -KINAESTHETIC (30 sec.)
Control Visuo- spatial int. Verbal int.
9,5cm 2.21 0.79 1,17(1.39) (1,51) (2.55)
28.5cm -1,33 -0.63 -1,83(2,09) (3.87) (3.55)
42.5cm -0.54 -0.21 0.38(2.82) (4.64) (3.37)
54.0cm -0.92 -2.08 -3.63(1,88) (9,18) (4.46)
Table H7. Mean across subjects constant error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the K-K matching condition, using the 30 second time interval in 
the spoken response group.
CRITERION
DISTANCE
KINAESTHETIC - KINAESTHETIC (30 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm 0.63 2.79 0.46(2,38) (5.91) (1.80)
28.5cm 1.13 0.38 1.00(1.19) (3,69) (2.48)
42.5cm 1.25 -0.42 0.17(1.66) (3,84) (4.23)
54.0cm -1.38 -0,96 -0.42(1.68) (2.39) (2.25)
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Table H8. Mean across subjects constant error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the K-V matching condition, using the 30 second time interval in 
the spoken response group.
CRITERION
DISTANCE
KINAESTHETIC - VISUAL (30 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm -1.13 4.04 -1.71(2.09) (8.97) (5.22)
28.5cm -0.25 1.00 -1.63(4.69) (5.32) (4.72)
42.5cm -0.13 -0.33 0.25(4.49) (5.15) (3.93)
54.0cm -1.25 -1.87 0.79(3.96) (3.96) (1.42)
Tables H9 to H12 show the mean across subjects constant error scores for 
each matching condition, within the spatial response group, in the 10 second time 
interval condition.
Table H9. Mean across subjects absolute error scores and standard deviations 
(centimetres), for each combination of interference condition and criterion 
distance, in the V-V matching condition, using the 10 second time interval 
condition and spatial response group.
CRITERION
DISTANCE
VISUAL - VISUAL (10 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm 0.82 1.71 0.71(0.93) (2.53) (2,02)
28.5cm -1.21 1.82 0,96(4.24) (4,14) (2,35)
42.5cm 0.50 -2.07 0.07(3.87) (4,22) (2.48)
54.0cm 0,11 -0.86 -1.43(1.56) (1.73) (2.86)
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Table HIO, Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the V-K matching condition, in the 10 second time 
interval in the spatial response group.
CRITERION
DISTANCE
VISUAL-KINAESTHETIC (10 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm -0.71 0.68 1.11(1.28) (3.31) (3.39)
28.5cm -1.36 0.46 -0.89(3,83) (4.80) (5.77)
42.5cm -0.96 -0.64 0.07(1.34) (3.46) (1.66)
54.0cm -1.82 -0.81 0.11(2.62) (3.81) (3.79)
Table H l l .  Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the K-K matching condition, in the 10 second time 
interval condition in the spatial response group.
CRITERION
DISTANCE
KINAESTHETIC - KINAESTHETIC (10 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm 1.11 -0.43 -0.18(1.81) (2.06) (2.07)
28.5cm -1.00 0.46 1.71(6.33) (2.82) (3.74)
42.5cm -0.25 1.04 -0.04(2.74) (2,89) (5.10)
54.0cm -2.36 -0.93 -0.61(6.70) (2.61) (3.06)
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Table H12. Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the K-V matching condition, at the 10 second time 
interval in the spatial response group.
CRITERION
DISTANCE
KINAESTHETIC - VISUAL (10 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm -0.14 2.46 0.14(2.78) (5.37) (2.35)
28.5cm -0.50 -0.61 0.00(2.78) (3.16) (1.27)
42.5cm 0.79 -2.64 0.68(2.09) (5.45) (2.54)
54.0cm -0.75 -3.75 -3.07(2.57) (11.76) (6.48)
Tables H13 to H16 show the mean across subjects constant error scores for 
each matching condition, within the spatial response group, in the 30 second time 
interval condition.
Table H13. Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the V-V matching condition, in the 30 second time 
interval in the spatial response group.
CRITERION
DISTANCE
VISUAL - VISUAL (30 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm 1.00 1.68 3.25(1.36) (2.37) (11.05)
28.5cm 0.18 0.50 1.43(1.32) (1.79) (4.06)
42.5cm -1.21 -3.11 -0.14(3.83) (7.01) (2.15)
54.0cm -0.07 -2.04 -1.29(3.29) (1.84) (1.59)
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Table H14. Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the V-K matching condition, in the 30 second time 
interval in the spatial response group.
CRITERION
DISTANCE
VISUAL - KINAESTHETIC (30 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm 0.61 1.25 0.14(1.94) (2.33) (1.98)
28.5cm 0.43 -0.36 -0.36(2.35) (5,47) (3.05)
42.5cm 0,71 -0.07 -3.79(3.31) (3.02) (12.34)
54.0cm -2.04 -0.50 -0.89(3.60) (2.90) (4.60)
Table H15. Mean across subjects absolute error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the K-K matching condition, at the 30 second time 
interval in the spatial response group.
CRITERION
DISTANCE
KINAESTHETIC - KINAESTHETIC (30 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm 0.32 0.86 0.04(1.67) (3.18) (1.82)
28.5cm -0.21 1.11 0.99(1.59) (3.99) (4.68)
42.5cm 1.36 2.54 -0.61(3.10) (4.72) (4.23)
54.0cm -1.00 0.11 -0.11(3.65) (1.98) (2.29)
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Table H16. Mean across subjects constant error scores and standard 
deviations (centimetres), for each combination of interference condition and 
criterion distance, in the K-V matching condition, at the 30 second time 
interval in the spatial response group.
CRITERION
DISTANCE
KINAESTHETIC - VISUAL (30 sec.)
Control Visuo- spatial int. Verbal int.
9.5cm 0.36 0.86 0.46(1.20) (2.13) (1.65)
28.5cm -0.71 1.32 0.89(5.13) (7.96) (4.68)
42.5cm 0.86 -0.14 0.00(2.11) (3.66) (2.47)
54.0cm -1.21 -1.04 -2.61(6.07) (2.75) (2.35)
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Appendix I
Experiment 9: shapes and sizes of criterion tiles
Each set of tiles varied slightly in respect to the actual shape. The shapes and 
actual sizes of the criterion tile in each set are shown below.
1.5cm
2 cm.
1 cm.
3.5cm.
I  ^ 1 cm.
1 cm.
 ^ \ r
0.5cm.
1 cm. 
2 cm.
Shape One.
1 cm.
1 cm.
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1.5 cm
1 cm .
1 cm.
1 cm.
2 cm.
1 cm .
0.5cm
2 cm.
1cm.
2 cm .
4 cm.
Shape Two
1.5cm.
 ^ 1cm.
0.5cm .
1.5cm. 1cm.
3.5cm.
Shape Three
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2cm.
2cm.
1cm.
1.5cm
 ^  ^ 1cm
'■ 0 .5cm
1cm.
1cm.
3.5cm
Shape Four
UNIVERSITY OF SURREY LIBRARY
-233-
